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CHEMISTRY. 


Introduction,  main  heedless  and  ignorant  of  the  con- 
The  science  of  Chemistiy,  m  its  most  stitution  of  those  commonest  forms  of 
comprehensive  sense,  is  so  extensive  in  matter  amon^t  which  their  lot  is  cast, 
its  views,  that  it  is  necessary  to  premise  &nd  upon  which  their  existence  depends, 
8  few  remarks  u|X)n  the  objects  and  shows  an  indifference  to  things  of  the 
limits  of  the  foUowmg  Treatise.  All  the  highest  interest,  which  is  irrational ;  and 
forms  of  matter  existing  upon  this  earth  c&n  be  accounted  for  only  by  some  de- 
are  capable  of  being  submitted  to  che-  f'^ct  in  the  common  systems  of  education, 
mical  examination ;  but  this  class  of  Numbers  there  are,  far  above  the  lower 
investi<<ations  carries  us  even  beyond  the  classes,  who  still  consider  the  elements 
confines  of  this  globe,  and  embraces  the  of  all  things  as  consisting  of  Earth,  Air, 
interesting  subjects  of  light,  heat,  and  Fire,  and  Water;  an  error  which  classical 
electricity.  The  mere  index  of  a  com-  learning,  no  less  than  the  expressions  of 
plete  system  of  Chemistry  would  occupy  common  parlance,  tends  to  perpetuate, 
the  space  of  more  than  one  number  of  Let  us  hope  that  the  days  are  at  hand, 
these  essays ;  any  detailed  examination  if  not  already  arrived,  in  which  the  ac- 
of  so  large  a  field  would,  therefore,  ob-  quirement  of  such  fundamental  know* 
viously  far  exceed  the  range  of  our  pre-  ledge  will  be  looked  upon  as  at  least 
sent  plan.  A  subject  so  extensive  ad-  equally  necessary  with  the  study  of  lan- 
mits  of  many  subdivisions ;  these  form  f^^es,  and  the  cultivation  of  taste  and 
the  objects  of  separate  Treatises,  which  imagination. 

have  l>een  already  published,  such  as  Tne  condensation  reauisite   in    this 
Heat,  Electricity,  Galvanism,  Thermo-  work  obliges  us  to  exclude,  from  the 
meters ;  or  will  be  hereafter  published,  following  pages,  all  historical  details ; 
as.  Animal  and  Vegetable  Chemistry,  &11  mention  even  of  the  names  of  those 
Cry&tallugraphy,     Chemical    Analysis,  great  philosophers  by  whose  labours  the 
Metallurgy,  Electro-Chemistry,  Gaseous  science  has  been  built ;  and  all  topics  of 
Chemist^,  &c.  controversy :  and  we  shall  confine  our- 
Our  object  in  the  present  Treatise  is  selves  to  giving  a  faithful  description  of 
to  explain  the  first  principles  of  Che-  the  phenomena  of  nature;  pointing  out 
mistry  strictly  so  called ;   and,  in    so  their  connexion  with  each  other,  and 
doing,  we  shall  endeavour,  as  much  as  offering  the  best  explanation  of  their 
possible,  to  simplify  the  subject ;  and  to  mutual  relations,  of  which  the  present 
illustrate  it  by  reference  to  common  ex-  state  of  our  knowledge    allows.     Our 
perience,  or  such  simple  experiments  as  allotted  space  will  thus  be  devoted  to  the 
every  one  might  make  with  implements  more  useful    portions   of  the    science, 
and  substances  commonly  to  be  met  >vhile  we  are  compelled  to  sacrifice  much 
with.    The  study  of  Chemistry  is  too  of  the  interesting  and  entertaining.   But 
of)en«supposed  to  imply  a  difficult  and  for  the  sake  of  those  who  have  the 
abstruse  pursuit,  and  the  necessity  of  a  opportunity  of  pursuing  the  science  fiir- 
provision  of  scarce  materials  and  ex-  ther,  we  shall  endeavour  to  obviate  the 
pensive  apparatus;  and  to  be  adapted  defects  of  such  a  plan,  by  appending  a 
only  to  those  who  have  it  in  their  power  select  list  of  the  best  works  of  reference, 
to  devote  themselves  entirely  to  the  sub- 
ject :  but  we  are  of  opinion  that  the  Chapter  I. 
eeneral  principles  of  the  science  may  be  _.      . 

learnt  from  operations  which  are  con-  ^  Attraction  and  Repulsion,  Chemical 

stantly  going  on  around  us,  or  which  we  Affinity  attd  Decompoeition, 

can  command  at  pleasure;    and  with  (§  1.)  All  the  phenomena  of  the  material 

which  it  would  highly  benefit  every  one,  universe  may  be  ultimately  resolved  into 

whatever  his  station  in  life,  to  become  two  kinds  of  motion;  namely,  those  re- 

acquainted.    That  so  many  persons,  not  suiting  ftom  the  two  principles  of  aitra^ 

unioformed  in  other  respects,  thould  re-  tion  and  repiMan:  in  conseqiwnot  of 
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which,  the  particles  of  matter  approach  sugar,  or  of  alum,  in  water,  is  an  ex- 

or  move  from  each  other  according  to  ample  of  this  species  of  attraction ;  and 

laws  which  the  intellect  of  man  has  been  the  power  which  determines  the  union 

able  to  develope,  but  the  causes  of  which  of  the  sugar,  or  of  the  alum,  with  the 

appear  to  be  beyond  his  comprehension,  water,  is  specially  denominated  chemical 

"We  distinguish  two  principal  modes  in  affinity, 

which  bodies  are  affected  by  these  oppo-  (§  3.)  The  attraction  of  cohesion,  or 
site  forces :  in  the  first,  motion  is  com-  that  force  which  unites  together  particles 
municated  to  masses  (or  visible  combi-  of  the  same  nature,  and  different  modi- 
nations  of  the  ultimate  atoms  of  bodies)  fications  of  which  occasion  the  varia- 
at  sensible  distances ;  in  the  second,  to  tions  ♦  of  solids  and  liquids ;  as  well  as 
the  ultimate  invisible  atoms  of  bodies  at  that  power  of  repulsion,  which  is  oppos- 
insensible  distances.  To  the  former  mode  ed  to  it,  and  which  characterises  the 
belong  the  attractions  of  gravitation,  state  of  aeriform  fluids  are,  in  fact,  both 
electricity,  and  magnetism;  which  we  opposed  to  chemical  attraction,  or  the 
see  exemplified  respectively  in  the  fall  of  force  which  combines  particles  of  dif- 
a  stone  to  the  earth ;  the  approach  of  ferent  natures :  and  common  experience 
light  bodies  to  resinous  substances,  or  daily  proves,  that  a  lump  of  sugar,  or 
glass,  when  rubbed ;  or  of  iron  filings  to  crystals  of  salts,  are  much  more  readily 
a  loadstone :  to  the  latter  may  be  referred  dissolved  in  water,  if  previously  broken 
the  attraction  of  coAenon ;  of  which  we  down  or  pounded,  than  if  left  in  that 
can  form  a  correct  idea  from  the  strong  solid  form  which  the  cohesion  of  their 
adhesion,  when  pressed  together,  of  the  particles  imparts.  Instances  will  be 
two  halves  of  a  leaden  buUet  which  has  hereafter  pointed  out,  which  will  prove 
been  cleft  asunder;  and  firom  the  run-  that  the  strongest  chemical  affinity  may 
ning  together  of  two  globules  *of  clean  be  held  in  check  until  cohesion  has  been 
quicksilver,  when  brought  into  contact,  destroyed. 

or  of  two  drops  of  rain  upon  a  pane  of  The  following  experiment  beautifully 

glass.    In  like  manner,  repulsion  at  sen-  illustrates  the  opposite  action  of  these 

Hble  distances  mKy  be  exemplified,  by  two  attractions:— Place  a  lump  of  alum, 

the  force  with  which  the  particles  of  of  a  nearly  prismatic  form,  in  a  glass  of 

glass  fly  asunder  in  the  common  play-  water,  and  carefully  watch,  from  time  to 

filings  cialled  Prince  Rupert*s  drops ;  by  time,  for  some  days,  the  progress  of  its 

the  flying  off  of  the  same  light  bodies  solution.    At  first,  the  water  acts  with 

vrhich  have  been  first  attracted,  after  so  much  energy  as  to  overcome  the  co- 

they  have  been  some  time  in  contact  hesion  of  the  solid  in  every  direction 

witn  an  excited  resin  or  glass,  or  by  the  alike ;  but  as  the  particles  of  the  alum 

recession  from  each  other  of  the  two  become  united  with  those  of  the  water, 

similar  ends  of  two  magnetised  needles :  the  power  of  the  solvent  diminishes ;  and 

and  repulsion  at  insensible  distances,  the  lump  of  alum  assumes  a  pyramidal 

which  IS  chiefly  excited  by  heat,  may  be  shape,  with  the  narrow  end  upwards. 

seen  in  the  expansion  of  the  fluid  of  a  The  reason  of  this  change  of  form  is, 

thermometer,  when  warmed  bv  the  hand,  that  the  particles  of  water  which  com- 

or  the  gradual  swelling  out  of  a  bladder,  bine  first  with  the  alum  become  heavier 

partly  filled  with  air,  before  a  fire.  from  the  union,  and  fall  to  the  bottom  of 

Attraction  and  repulsion,  acting  upon  the  glass ;  and  the  action  at  the  lower 

masses  at  sensible  distances,  form  the  extremity  ceases  before  it  is  complete  at 

particular  study  of  natural  philosophy  the  upper.     When  the  action  has  nearly 

(in  the  limited  acceptation  of  the  term) ;  terminated,  if  we  closely  examine  the 

which  also  embraces  the  same  pheno-  lump,  we  shall  find  it  covered  with  geo- 

mena  acting  at  insensible  distances  upon  metrical  figures,  cut  out,  as  it  were,  in 

particles  of  the  same  nature;  as  those  of  relief  upon  the  mass ;  shewing,  not  only 

the  globules  of  quicksilver,  or  of  the  air  that  cohesion  resists  the  povvcr  of  solu- 

included  in  the  bladder.  tion,  but  that,  in  the  present  instance,  it 

((2.)  The  study  of  the  effects  of  at-  resists  it  more  in  some  directions  than  in 

traction  and  repulsion  acting  at  insensi-  others ;  and  that,  when  the  attraction  of 

hie  distances  upon  particles  of  different  the  solvent  is  nearly  satisfied,  it  is  ba- 

xuitures,  constitutes  the  science  of  che-  lanced  by  that  dehcate  modification  of 

mistry*.    The  solution  of  a  lump  of    

■       ■ ; ; ; ; — •  •  S«e  thc  Trcatisc  on  Heat  for  an  explanation  of 

•  The  word  chemiatrr  ia  of  Arabic  origin,  in  which  the  cause  of  raporixation,  lioucfaction,  &c. ;  and  the 

lacaaee  it  ainifiet  **  the  kaowledfe  of  Um  compoti-  TrMtise  on  Pneumatiea  for  tne  meehanical  propertie« 

tioa  of  bodiofc^*  ofiur.&c. 
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cohesion  upon  which  lerygtalline  arrange-  may  be  separated,  and  the  latter  ex- 

ment  depends.    The  consideration  of  the  hibited  in  a  detacfied  form,  by  burning 

interesting  phenomena  of  crystallization,  a  little  sulphur  in  a  quantity  of  the  at- 

however,  forms  one  of  the  necessary  mosphere  con^ned  in  a  bell  glass  over 

subdivisions  of  our  subject,  and  will  be  water.    When  this  process  is  performed 

enlarged  upon  in  a  separate  Treatise,  in  with  care,  the  oxygen  is  removed  and 

which  the  results  of  the  present  experi-  the  nitrogen  remains.     Of  the  properties 

ment  will  be  further  discussed.  of  these  bodies  this  is  not  the  place  in 

(§  4.)  It  will  be  convenient  to  distin-  which  we  propose  to  speak ;  but  we 
ipiish  three  degrees  of  chemical  attrac-  shall  only  remark,  at  present,  that  the 
tion ;— the  result  o(  the  first  and  lowest  residual  nitrogen  diflTers  so  remarkably 
degree  is  mixture;  of  the  second  *o/ii-  from  the  mixture  from  which  it  has 
tion;  and  of  the  third,  and  most  ener-  been  separated,  as  to  be  fatal  to  animal 
getic,  compoHtion,  We  shall  endeavour  life,  if  breathed,  and  entirely  to  ex- 
to  illustrate  the  distinctive  characters  of  tinguish  flame.  The  proportion  which 
each  of  these  modifications,  and  also  to  it  bears  to  the  total  quantity  upon  which 
give  a  general  idea  of  the  various  me-  the  experiment  is  tried  is  invariably  the 
thods  o\  decomposition  arising  from  che-  same.  Unlike  the  case  of  liquids,  all 
mical  repulsion;  and  in  so  doing,  we  aeriform  bodies  have  the  property  of 
shall  hope  to  present  such  a  preliminary  mixing  together.  This  difference  in  the 
view  of  affinity,  as  may  assist  the  further  two  classes  of  bodies  is  to  be  ascribed 
progress  of  the  student.  It  must,  at  the  to  the  different  modification  of  the  power 
same  time,  be  borne  in  mind,  that  the  of  attraction  between  their  constituent 
developement  of  the  subject  can  only  be  particles.  In  the  instances  where  mix- 
found  in  the  full  details  of  chemical  ture  does  not  take  place  between  two 
science.  liquids,  as  oil  and  water,  or  quicksilver 
^.  and  water,  the  still  remaining  attraction 
On  Mixture.  qi  cohesion  between  the  similar  par- 
(5  5.)  Chemical  mixture  can  only  take  tides  is  probably  greater  than  the  che- 
place  between  two  bodies  when  the  mical  attraction  between  the  dissimilar 
particles  of  l>oth  are  in  a  like  state,  particles.  In  aeriform  fluids  attraction 
and  the  power  of  cohesion,  with  regurd  of  cohesion  does  not  exist,  (at  least 
to  them,  so  far  suspended  as  to  admit  within  the  limits  of  common  experience,) 
of  that  fVeedom  of  motion  between  them-  and  the  first  degree  of  chemical  attrac- 
selves  upon  which  fluidit]^  depends:  tion  between  the  dissimilar  particles 
thus,  two  liquids,  or  two  aeriform  fluids  comes  into  action  unopposed, 
may  admit  of  mixture ;  but  two  solids  The  expansive  power  of  heat  being 
can  be  chemicaUy  mixed  only  by  di-  opposed  to  cohesion,  the  attraction  be- 
minishing  their  cohesion,  by  means  of  tween  the  particles  of  some  bodies  may 
heat,  to  such  a  degree  as  to  oring  them  be  so  far  counteracted  by  its  agency  as 
both  to  the  state  of  liquids.  to  reduce  them  to  the  fluid  state,  and 

Between  some  fluids  there  appears  to  then  they  may  admit  of  mixture :  thus 
be  no  attraction ;  and,  consequently,  they  melted  tin  may  l)e  mixed  with  melted 
do  not  admit  of  mixture :  thus,  if'^  water  lead  or  copper,  and  their  particles  remain 
and  oil  be  agitated  together,  they  almost  intermingled,  when  from  a  diminution  of 
immediately  separate,  and  the  lighter  temperature  the^  resume  the  solid  state, 
lii^uid  floats  upon  the  denser.  Sulphuric  ($7.)  Chemical  mixture  may  take 
acid,  or  oil  ofvitriol,  and  water,  on  the  place  between  two  bodies  in  any  pro- 
contrary,  have  a  strong  affinity  for  each  portions.  Equal  measures  of  sulphuric 
other,  and,  when  mixed  together,  will  acid  and  water  may  be  mixed  together ; 
not  again  separate  by  repose ;  although  or  one  drop  of  the  former  with  a  gallon 
one  fluid  is  very  much  heavier  than  the  of  the  latter ;  or  a  drop  of  the  latter 
other.  Alcohol,  or  pure  spirit,  and  water  with  a  gallon  of  the  former,  or  in  any 
form  a  mixture  or  the  like  permanent  intermediate  proportions ;  and  in  every 
character ;  and  many  similar  instances  case  the  mixture  will  be  perfect,  uni- 
might  be  adduc^.  form,  and  permanent    In   like    man- 

(^  6.)    Of  the  mixture  of  aeriform  ner,    oxygen    and   nitrogen    may    be 

bodies  we  have  an  example  in  the  at-  mixed   in    any  proportions,    although 

mosphere  which  we  breathe ;  which  con-  the  atmospheric  mixture  is  always  con- 

nsts  principally  of  two  species  of  air  stant. 

mingled  together  with  wonderful  uni-  (§  8.)  Chemical  mixture  between 
lormity :  they  have  received  the  names  liquids  is  often  attended  by  condensa- 
te oxygen  and  nitrogen  gates.    They  tion  or  contraction  of  volume :  so  t 
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a  measure  6t  sulphuric  acid  or  of  alcohol^  On  Solution^ 

mixed  with  an  equal  measure  of  water,  ^j  12.)  Solution  is  the  result  of  an 

will  not  quite  fill  two  measiures.  affinity  between  bodies  in  different  states 

($  9.)  Increase  of  temperature  is  also  ^jth  regard  to  cohesion*    In  this  case 

frequently  another  concomitant  of  the  Hquids  are  called  «o/v6n/^;  and  they  can 

mixture  of  liquids.     If  four  parts,  by  ^ct  upon,   or  hold  in   solution,  either 

weight,  of  sulphuric  acid,  be  suddenly  ^q]^^^  or    aeriform  fluids.      We    have 

mixed  with  one  of  water,    at  ordinary  already  alluded  to  instances  of  the  solu- 

temperatures,  the  heat  given  out  will  be  ^^^  of  solids  as  illustrations  of  the  eene- 

more  than  sufficient  to  make  water  boil,  ^i  subject  of  affinity  ( $3) ;  and  we  have 

( j  10.)  The  properties  of  bodies  are  shown  that  the  power  of  cohesion  is 
not  essentially  changed  by  mixture ;  but  opposed  to  this  action.  Between  some 
those  of  the  resulting  product  are  in  liquids  and  solids  there  appears  to  be  no 
some  degree  intermediate  between  their  attraction  whatever ;  or.  if  any,  it  is  in- 
component  parts :  the  character,  how-  ferior  to  the  attraction  of  cohesion  by 
ever,  of  the  more  active  ingredient  will  ^hich  the  homogeneous  particles  of  the- 
predominate,  in  a  degree,  of  course,  pro-  goHd  are  united ;  thus  rosin  is  wholly  in>- 
portionate  to  its  quantity.  A  few  drops  soluble  in  water,  but  readily  unites  wUh 
of  sulphuric  acid  will  communicate  an  alcohol. 

intensely  sour  taste  to  a  quart  of  water ;  (j  13.)  And  here  we  may  remark\ that 
but  the  same  number  of  drops  of  alcohol  chemical  attraction,  in  general^  may  be 
will  scarcely  affect  the  sensible  nro-  exerted  in  different  degrees  between  one 
perties  of  an  equal  quantity  of  that  fluid,  body  and  several  others.  There  is.  as  we 
-  (}  1 1 .)  The  separation  of  liquid  mix-  have  seen,  a  mutual  affinity  between, 
tures  may  be  effected  by  either  the  ad-  alcohol  and  water,  whereby  they  are 
dition  or  subtraction  of  heat;  by  the  capable  of  mixing ;  there  is  also  a  mutual 
unequal  effect  produced  upon  the  co-  affinity  between  alcohol  and  rosin,  where- 
hesive  attractions  of  their  ingredients,  by  the  former  is  capable  of  dissolving 
By  carefully  applying  heat  to  a  mixture  the  latter ;  and  there  is  no  affinity  be- 
01  alcohol  and  water,  the  spirit  will  rise  tween  water  and  rosin.  Now  if,  to  a  solu»^ 
in  vapour  and  leave  the  water  pure ;  tion  of  rosin  in  alcohol,  water  be  added,, 
this  process  is  called  evaporation,  where  jt  will  be  found  that  the  rosin  will  re- 
the  elastic  fluid  is  allowed  to  escape ;  ^xime  the  solid  form :  the  attraction  be- 
but  when  it  is  separately  recondensed  and  tween  the  particles  of  alcohol  and  those- 
preserved,  it  is  termed  distillation^  of  water,  is  greater  than  between  the 
On  the  other  hand,  by  the  application  of  particles  of  alcohol  and  those  of  rosin ; 
cold  to  a  similar  mixture,  the  cohesion  the  consequence  is,  that  the  alcohol 
of  the  particles  of  water  may  be  so  nauch  qujts  the  rosin,  and  combines  with  the 
more  increased  than  that  of  the  particles  water,  and  the  attraction  of  cohesion, 
of  the  spirit,  that  the  former  will  sepa-  being  no  longer  opposed,  resumes  ita 
rate  in  a  solid  form,  and  leave  the  latter  ascendancy.  This  has  been  called  eleo- 
in  a  state  of  purity.  It  is  thus  that  in  /,ytf  attraction,  because  the  alcohol  may 
the  Arctic  regions  the  watery  particles  figuratively  be  said  to  exercise  a  choice 
of  brandy  are  frozen  by  exposure  to  the  between  the  substances  with  which  it  ia 
air,  and  a  very  small  quantity  of  strong  capable  of  combining.  This  resumptiom 
spirit  is  left  in  the  fluid  state  m  the  in-  of  the  solid  form  of  a  substance,  pre- 
terior  of  the  mass.  viously  dissolved  in  a  liquid,  is  termed 

Mixtures  of  gaseous  fluids  cannot  be  precipitation;  although  the  term  caa 

separated  by  heat  or  cold,  for  thev  all  only  be  stricUy  applied  where  the  solid, 

expand  in  the  same  degree  by  equal  m-  get  at  liberty,  falls  to  the  bottom  ft  til* 

creases  of  temperature  :  but  steam  and  vessel. 

other  vapours  may  be  separated  from        (A  1*4.)  Unlike  the  case  ot  mixture, 

gases  by  reduction  of  temperature ;    for  there  is  a  limit  to  the  power  of^lution ; 

the  abstraction  of  heat  destroys  the  elas-  and  liquids  cannot  combine  with  more 

ticity  of  the  former,  but  not  of  the  latter,  than  a  certain  definite  quantity  of  any 

In  this  manner  the  aqueous  vapour,  solid  or  aeriform  body ;  thus  water  will 

which  is  always  mixed  in  a  greater  or  only  take  up  a  certain  known  weight  of 

less  proportion  with  the  gases  of  the  alum,  or  alcohol  of  rosin.    The  point  at 

atmosphere,  may  be    separated ;    and  ^^hich  the  action  between  the  two  bodies 

hence  the  ongm  of  clouds  and  fogs.  ceases,  b  caUed  the  point  of  saturation. 

•  S^  th.  Tmti«  o.  H«AT  for  •»  «>p1«i.tla.  ^P  ^  ^^  P'^'^^'iSL'''''  ^"""^^  °'*^ 

of  tiM  gmml  priBfipiM  oi  trtpontioB,  diitUUitioB,  combme  m  any  proporUont. 
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t^farbonic  add,  or  that  aeriform  sub-  (§  18.)  The  pioperfies  of  bodies  are 

stance,  formerly  known  by  the  name  of  not  changed  by  solution  any  more  than 

^ed  air,  which  most  persons  are  ac-  by  mixture ;  and  the  characters  of  such 

«quaint6d  with,  as  given  oif  from  bottled  combinations  are  intermediate  between 

•beer  or  soda  water,  is  capable  of  being  those  of  their  ingredients.     The  most 

absorbed  b^  water ;  whicn  liquid,  under  universal  solvent  in  nature  is  water ; 

ordinary  cupcumstances,  will   take   up  and  as  the  characters  of  that  liquid  are 

rather  more  than  its  own  bulk  of  this  very  neutral,  t. «.  distinguished  by  no 

air  (or  gas).    As  in  the  case  of  solids,  very  energetic  or  active  properties,  aque- 

the  attractive  power  of  cohesion,  at  a  ous  solutions,  in  general,  possess  in  an 

certain  point,  balances  the  action  of  the  eminent  degree  the  properties   of  the 

solvent,  90,  in  aeriform  bodies,  the  re-  solids  or  gases  with  which    they  are 

JiiUsive  power  of  elasticity  sets  silnilar  combined, 

imits  to  its  exertion.     It  is  only  to  a  ($19.)  Solvents  may  be  separated  from 

certain  point  that  the  solvent  power  of  the  bodies  with  which  they  are  united 

vrafer  can  counteract  the  elasticity  of  the  by    alterations    of  temperature,  which 

carbonic  acid;  and  beyond  this  point  chan^^  their  state  of  cohesion.    If  a 

of  saturation  it  cannot  unite  with  it.  solution  of  alum  be  strongly  heated,  or 

(}  1 5.)  The  influence  of  heat  upon  the  boiled,  the  liquid  will  assume  the  state 

power  of  solution,  corresponds  with  the  of  vapour,  or  of  an  elastic  fluid,  and 

difference  between  cohesion  and  elas-  flying  ofi;  the  solid  will  remain.    If  a 

ticity.    Upon  solid  bodies  it  generally  solution  of  carbonic  acid  in  water  be 

increases  the  power  of  the  solvent,  bjr  firozen,  the  gas  will    escape,  and  the 

diminishing  their  cohesion.    Upon  aen-  water  remain  in  the  solid  state.    The 

form  bodies  it  diminishes  the  power,  l^  affinities,  however,  of  some  gases  for 

adding  to  their  dasticity.    Water  may  water  are  so  strong,  that  they  rise  in 

be  saturated  with  alum  at  the  common  union  with  its  vapour,  and  cannot  be 

temperature  of  the  atmosphere,  and  if  separated  by  evaporation, 

heat  be  afterwards  applied,  will  dissolve  ^,      .    ,  ^           -^  • 

an  additional  quantity ;  if  the  solution  Chemtcal  Composition. 

bethea  allowed  to  cool,  the  attraction  (§20.)  Composition  is  the  result  of  the 

of  cohesion  will  resume  its  ascendancy,  highest  degree  of  chemical  attraction  ; 

and  the  second  portion  of  the  alum  will  which  may  take  effect  between  bodies 

be  deposited  in  solid  and  regular  forms,  whose  particles  are  under  every  modifl- 

If,  on  the  contrary,  a  saturated  solution  cation  of  cohesive  attraction.    The  at- 

of  carbonic  acid  m  water  be  heated,  the  tractive  force,  however,  of  cohesion,  as 

^;as  will  escape  from  its  combination ;  well  as  the  repulsive  power  of  elasticity, 

for  the  heat  increases  the  repulsive  power  are  in  various  degrees  opposed  even  to 

of  the  particles  of  the  gas,  and   the  this  power ;  and  till  reduced  or  modified, 

affinity  of  the  solvent  is  no  longer  able  often  prevent  its  action  altogether.    The 

to  counteract  it.  state  of  liquidity  is  consequently  most 

(}  16.)  A  solvent  that  has  been  satu-  favourable  to  its  efficiency, 
laied  with  one  substance,  is  often  (j  21.)  The  union  of  bodies  in  this  in- 
capable of  combining  at  the  same  time  timate  manner  onlv  takes  place  in  defl- 
«rith  others ;  thus  water  which  has  taken  nite  proportions ,  which  are  invariable  in 
up  its  full  proportion  of  saltpetre,  wiU  the  same  compound,  and  it  is  commonly 
further  dissolve  a  considerable  quantity  accompanied  b;^  a  total  change  of  their 
of  common  salt.  sensible  properties.  Great  alterations  of 
(}  17.)  The  process  of  the  solution  of  temperature  almost  always  accompany 
a  solid  in  a  liquid,  is  very  frequently  the  act  of  combination ;  and  when  the 
accompanied  by  a  diminution  of  tern*  action  is  most  energetic,  light  and  heat 
perature;  and  great  degrees  of  cold  may  are  given  off  in  abundance,  and  often 
be  produced  by  dissolving  certain  pro-  with  violence. 

portions  of  different  salts  in  water.    A  If  copper  fllings  and  sulphur  be  me 

reduction  of  17^  is  produced,  by  merely  chanicaliy  mixed  together,  they  will  ex 

saturating  water  at  common  tempera-  hibit  no  tendency  to  unite  at  the  common 

tures  with  nitre;  and  nitrate  of  ammonia  temperature  of  the  atmosphere;  but  if 

will,  in  the  same  way,  lower  the  ther-  heat  t)e  applied,  as  soon  as  the  latter 

mometer  from  50®  to  4°*.    The  solution  melts,  a  violent  action  will  take  place ; 

of  gases,  on  the  contrary,  is  generally  the  copper  will  become  red  hot,  and  a 

accompanied  by  the  production  of  heat,  black,    brittle  body  will  be  produced^ 

•  Sm  Tr«»ti««  oa  Heat.  p.  ».  With    properlxes    \o\a\\^    (V\^«eTvV    V\^\xv 
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those  of  its  two  ingredients.    This  com-  phur,  and  strongly  heated,  a  compound 

pound  is  often  found  ready  formed  in  will  be  formed,  which  rises  in  vapour, 

mineral  veins ;  but  whether  the  product  and  concretes,  on  cooling,  into  a  brilliant 

of  nature  or  of  art,  as  above  described,  red  substance,  known  by  the  name  of 

yta  composition  is  definite  and  invaria-  cinnabar  or  vomilion.    It  is  composed 

ble ;  and  it  is  found  to  consist  of  64  of  200  parts  of  mercury,  and  32  of  sul* 

parts  of  copper  to  16  parts  of  sulphur:  phur. 

or  100  parts  contain  60  copper  and  20  Again,  the  well-known  medicine  called 

sulphur.     Our  reason  for  preferring  the  ealomel,  is  a  compound  of  mercury,  and 

statement  of  the  proportion  in  the  former  an  aeriform  substance,  which  we  shall 

numl>ers  will  hereafter  appear.  hereafter  describe,  called  chlorine.   This 

< J  22.)  It  often  happens,  however,  that  compound    is   white,  crystalline,    very 

a  body  will  unite  in  this  manner  in  more  heavy,  tasteless,  and  nearly  insoluble  in 

than  one  proportion  with  another;  the  water.    It  may  be  taken  in  doses  of 

composition  in  each  case  being  no  less  several  grains  without  any  eiFect,  but 

definite  and  fixed :  but  the  proportion  of  that  of  a  purgative.    It  is  composed  of 

one  of  the  ingredients  of  the  resulting  200  parts  of  the  metal,  and  36  parts  of 

compound  is  always  some  multiple  or  chlorine. 

tub- multiple  of  that  in  the  first  com-  Mercury  is  capable  of  combining  with 

pound  ;  that  is  to  say,  it  is  double  or  a  further  proportion  of  the  same  gaseous 

treble,  or  half,  and  so  on.  Thus  a  second  body ;  in  which  case  it  is  converted  into 

combination  of  copper  and  sulphur  is  a  semitransparent,  white  mass,  of  an 

known,  which,  although  it  cannot  be  acrid,  nauseous,  metallic  taste,  soluble 

E reduced  by  the  direct  union  of  the  two  in  water  and  alcohol,  and  highly  poison- 

odies,  is  of  veiy  common  occurrence,  ous.    It  b  well  known  by  the  name  of 

and  constitutes  tne  important  ore  from  corrosive  Mublimate,  and  is  composed  of 

which  nearly  all  the  copper  of  commerce  200  parts  of  mercury,  and  72  parts  of 

is  derived.   The  proportions  of  this  com*  chlorine. 

pound  are  64  copper  to  32  sulphur ;  that  Thus  substances,  comparatively  inert, 

IS  to  say.  the  copper  is  combined  with  may  produce,  by  their  union,  compounds 

exactly  double  the  proportion  of  sul-  of  highly  active  pro^jerties ;  and  a  com- 

|>hur  which  exists  in  the  first  combina-  pound  of  two  bodies,  which,  in  one  fixed 

tion.  proportion  will,  if  taken  intemallv.  have 

($  23.)  The  compounds  which  mer-  put  a  slight  effect  upon  the  animal  frame, 

ewcy  or  quicksilver  forms  with  some  if  united  in  a  difi'erenl  proportion,  will 

other  bodies,  are  well  calculated  to  ex^  prove  destructive  to  life, 

hibit  the  striking  difference  of  character  ($  24.)  Highl^r  active  bodies  of  oppo- 

which  are  the  results,  not  only  of  che-  site  properties  will  also  produce  by  their 

mical  composition,  but  of  composition  in  comDination  substances  of  mild  charac- 

different  proportions.    If  this  brilliant,  ta*,  and  they  are  then  said  to  neutraUze 

white,  fluid  metal  be  agitated  for  a  lon^  each  other. 

time  in  contact  with  the  common  air,  it  Sulphuric  acid,  or  oil  of  vitriol,  to 
will  unite  with  the  oxygen  of  that  mix-  which  we  have  before  referred  as  a  well- 
ture,  and  will  be  converted  into  a  black,  known  liquid,  for  the  purpose  of  illus- 
insipid,  insoluble  powder;  which  consists  trating  the  nature  of  chemical  mixture,  is 
of  200  parts  of  mercury  to  8  of  oxygen,  highlv  corrosive,  and  possesses  an  in- 
If,  instead  of  being  agitated  at  common  tensely  sour  taste.  If  brought  into  con- 
temperatures  with  the  air,  it  be  kept  tact  with  a  substance  stained^ with  the 
heated  with  it  to  nearly  its  boiling  point,  deUcate  colour  of  any  blue  vegetable, 
it  will  be  converted  into  a  red,  shining  such  as  that  of  violets  or  litmus,  it  in- 
mass,  also  a  compound  of  the  metal  and  stantly  changes  its  tint  to  bright  red ;  a 
oxygen ;  but  which  is  endued  with  an  property  which  belongs  to  all  acids, 
acrid,  metallic  taste,  is  soluble  in  water,  Tliere  is  another  substance,  also  well 
and  poisonous.  It  consists  of  200  parts  known,  and  commonly  to  be  met  with, 
of  mercury,  and  16  of  oxygen.  called  Barilla,  or  carbonate  of  soda.  It 
Mercury  also  combines  with  sulphur  is  a  solid,  soluble  in  water,  of  a  hot, 
in  two  proportions :  by  long-continued  acrid,  bitter  taste.  It  changes  the  blue 
trituration  (or  rubbing  in  a  mortar)  the  colour  of  vegetables  to  green ;  a  property 
two  bodies  unite,  and  form  a  black,  which  belongs  to  a  class  of  bodies  deno- 
tasteless  compound,  which  contains  2U0  minated  alkalies.  Between  these  two 
parts  of  mercury  to  1 6  of  sulphur.  bodies  a  strong  affinity  subsists.  If  into 
If  mercury  be  poured  into  melted  sul-  a  solution  of  fie  latter  we  carefully  drop 
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a  poHlon  of  the  fonner,  a  brisk  effeirel-  mgar  of  lead,  is  a  compound  of  yinegar» 

cence  will  ensue,  and  carbonic  acid,  or  or  acetic  acid  and  lead.     White  vitriol  is 

fixed  air.  will  be  given  oif,  as  from  soda  composed  of  sulphuric  acid  and  zinc, 

water.     If  the  experiment  be  performed  Now  if,  in  a  solution  of  the  former  sub- 

with  care,  and  the  dropping  in  of  the  stance  in  water,  we  suspend  a  piece  of 

acid  stopped,  the  moment  the  efferves-  metallic  zinc,  we  shall  have  an  example 

cence  ceases,  the  solution  will  be  found  of  single  elective  a&mty.   The  attraction 

to  be  warm,  and  to  be  possessed  of  pro-  of  vinegar  for  zinc  is  greater  than  for 

perties  totally  different  from  those  of  the  lead ;  the  acid  will  therefore  abandon  the 

acid  and  the  alkali  from  which  it  has  lead,  which  will  resume  its  metallic  form, 

been  formed.     It  will  not  be  sour,  cor-  and  unite  with  the  zinc.  The  experiment 

rosive,  acrid,  nor  hot.    It  will  have  no  ac-  is  very  beautiful  as  the  lead  is  precipitated 

tion  upon  blue  vegetable  colours,  and  all  upon  the  zinc  in  an  arborescent  form, 

the  active  properties  of  the  original  bodies  But  if  a  solution  of  acetate  of  lead  he 

are  said  to  be  neutralized — they  have  mixed  with  a  solution  of  sulphate  of  zino, 

neutralised  one  another.    The  product  the  acetic  acid  will,  as  before,  abandon 

is  slightly  bitter,  saline,  and  cooUng.    If  the  lead  to  unite  with  the  zinc ;  but  at 

part  of  the  water  be  driven  off  by  heat  the  same  moment,  the  sulphuric  aeid 

(or  evaporated),  a  solid  will  be  deposited  will  attract  the  lead,  and  form  with  it  an 

in  regular  forms,  which  was  previously  insoluble  compound,  which  will  be  pre- 

held   in  solution  by  the  water  which  cipitated  in  the  form  of  a  heavy  wnite 

escapes.  Tliis  substance  is  known  by  the  prwder.    This  compound    action    has 

name  of  Glauber's  salt,  or  sulphate  of  been  distinguished  by  the  name  of  double 

soda,  and  is  extensively  used  m  medi-  elective  cffimty.    Decompositions  which 

cine.  cannot  be  effected  by  single  elective 

($25.)  That  power  of  affinity  which  affinity  may  often  be  produced  by  double 

produces  chemical  composition  may,  as  elective  affinity. 

m  the  case  of  solution,  (}  13)  exist  in  a  •  ($  27.)  Now  we  may  remaik,  that  the 

body  in  different  degrees  towards  other  same  quantity  of  acetic  acid  which  orir 

bodies ;   and  if  to  a  compound  of  two  ginally  was  combined  with  the  lead,  is 

bodies  a  third  be  presented  which  has  a  exactly  sufficient  to  enter  into  combina- 

stronger  attraction  for  either  of  the  two  tion  with  the  zinc;  and  also  that  the 

ingredients    than  they  have  for  each  same  quantity  of  sulphuric  acid  which 

other,  decomposition  of  the  oiigina}  com-  entered  into  composition  with  the  zinc, 

pound  will  take  place,  and  a  new  com-  exactly  suffices  for  the  lead :  none  of 

pound  will  result.    Barilla,  or  carbonate  the  ingredients  are  found  in  excess,  and 

of  soda,  to  which  we  have  just  referred,  the  proportions  of  each  are  equivalent  to 

is  a  compound  of  a  highly  caustic,  alka-  each  other  in  their  power  of  combining: 

line  substance,  called  soda  and  carbonic  This  observation    exemplifies    another 

acid.     In  the  experiment  above  alluded  fundamental  law  of  chemical  compoH- 

to  it  is  decomposed ;   the  sulphuric  acid  tion;  namely,  that  bodies  not  only  com* 

expels  the  carbonic  acid,  which  escapes  bine  together  in  proportions  which  are 

in  effervescence,  and  takes  its  place  with  fixed  with  regard  to  each  other,  in  any 

the  soda.     If  a  solution  of  this  substance  given  compound,  but  are  also  definite 

in  water  be  boiled  with  caustic  lime,  the  with  regard  to  every   other  substance 

carbonate  of  so<la  will  be  decomposed,  with  which  they  are  capable  of  entering 

the  carbonic  acid  will  quit  the  soda  and  into  composition ;  so  that  there  are  cer- 

unite  with  the  lime  and  carbonate  of  tain  determinate  proportions  of  all  bodies 

lime,  or  chalk,  and  caustic  soda  will  be  which  are  equivalent  to  each  other  in 

the  result.    This  action  is  called,  for  the  their  powers  of  combining  with  all  other 

reason  already  explained,  single  elective  bodies.    Thus  sugar  of  lead,  or  acetate 

affinity.  of  lead,  is  a  compound  of  50  parts  of 

($  26.)  If  two  compounds  be  brought  acetic  acid  and  1 12  parts  of  lead  in  the 
toi^ether  in  solution,  it  will  not  unfre-  state  (which  will  be  hereafter  explained) 
quently  happen  that  a  process  of  double  of  an  oxide.  White  vitriol,  or  sulphate 
decomposition  and  composition  will  take  of  zinc,  is  composed  of  40  parts  of  sul- 
place,  from  a  new  adjustment  of  the  phuric  acid,  and  41  parts  of  zinc,  also 
various  affinities :  that  is  to  say,  the  two  m  the  state  of  oxide.  Now  these  pro- 
original  bodies  will  be  decomposed,  and  portions  are  all  ^gtm^oieit/ to  one  another; 
two  new  compounds  produced,  from  a  and  if  we  write  their  numbers  against 
mutual  exchange  of  ingredients.  the  different  substances  as  follows,  wa 

The  substance  known  bythe  name  of  can  at  once  perceive  the  proportioiii  ia 
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which  they  will  unite  in  any  new  com-  ($  30.)  There  is  another  circumstance. 
bination.  mechanical  in  its  nature,  and  the  in- 
Sulphuric  acid  .  .40  fiuence  of  which  is  somewhat  obscure. 
Zinc  (oxide)  ...  41  which  sometimes  interferes  with  che- 
Acetic  acid  •  •  50  miad  composition;  that  is,  qtumiity : 
Lead  (oxide)     .    .    .112  for,  in  comparing  the  attraction  of  two 

Thus,  from  such  a  table  we  may  an-  bodies  for  a  third,  a  weaker  affinity  in 
tioipate,  in  the  double  decomposition  one  of  the  two  is  found  to  be  compen- 
above  referred  to,  that  the  white  powder  sated  by  increasing  its  quantity.  It  one 
or  new  compound  of  sulphuric  acid,  and  part  of  common  salt  (which  may  be 
lead,  precipitated,  must  consist  of  40  considered  as  composed  of  muriatic  acid 
parts  of  the  former  and  1 12  of  the  latter ;  and  soda)  be  mechanically  mixed  with 
and  likewise  that  the  combination  of  half  its  weight  of  red  lead  (oxide  of  lead) 
sine  and  acetic  acid,  left  in  solution,  and  water,  to  the  consistency  of  a  thin 
•must  be  in  the  proportion  of  50  parts  of  paste,  no  decomposition  of  the  salt  will 
acid  and  41  parts  of  zinc:  and  this  ex-  ensue:  the  soda  has  a  stronger  attrac- 
actly  agrees  with  the  results  of  experi-  tion  for  the  acid  than  the  oxide  of  lead. 
ment.  We  shall  hereafter  find  that  the  If,  however,  the  weight  of  the  red  lead 
same  equivalent  numl)ers,  or  their  mul-  be  increased  to  three  or  four  times  that 
tiples,  are  preserved  in  every  possible  ofthe  salt,  after  standing  some  time,  the 
oombination  with  other  bodies ;  and  that  strong  taste  of  the  soda  will  be  per- 
similar  numl)ers  may  be  attached  to  all  ceptible;  proving  that  the  larger  quan- 
the  known  substances  of  the  chemical  tity  of  the  oxide  has  the  power  of  de- 
catalogue.  Moreover,  when  any  body  taching  a  considerable  portion  of  mu- 
is  compounded  of  two  simple  substances  riatic  acid  from  the  soda,  notwithstanding 
and  enters  into  combination  with  an-  the  stronger  affinity, 
other  body,  the  sum  ofthe  equivalents  of  ($  31.)  The  influence  of  temperature 
the  two  elements  will  give  the  number,  upon  the  highest  degree  of  chemical  at- 
denoting  the  proportion  in  which  it  will  traction,  is  various :  sometimes  it  favors 
80  combine.  Having  endeavoured  to  its  operation  by  counteracting  the  co- 
convey  a  general  idea  of  this  universal  hesion  of  solids ;  sometimes  it  opposes  it 
law  of  chemical  composition,  it  does  not  by  increasing  the  repulsion  of  aeriform 
enter  into  our  plan  to  pursue  the  subject  fluids.  An  increase  of  heat  frequently 
further  in  this  place :  its  full  develop-  increases  directly  the  energy  of  affinity, 
ment  will  onljT  be  found  in  the  complete  anddetermines  combinations  which  would 
body  of -chemical  facts.  not  otherwise  take  effect ;  and  different 

($  28.)  The  attraction  of  cohesion  is  degrees  of  temperature  often  produce 

«iI>posed  to  the  highest  degree  of  che-  opposite  effects, 

mical  attraction  in  the  same  way  as  to  We  have  shewn  that,  by  raising  the 

the  inferior  degrees.    Barilla  or  carbo-  temperature  of  quicksilver  or  mercury 

nate  of  soda  is  capable  of  acting  strongly  to  nearly  its  boiling  point,  a  combination 

upon  pounded  flint,  and  produces,  by  its  is  determined  between  it  and  oxygen,  one 

combination  with  it,  the  well-known  sub-  of  the  mixed  gases  of  the  atmosphere  : 

stance,  crown  glass :  but  before  the  at-  if  this  compound  be  more  strongly  heated 

traction  of  cohesion  in  the  flint  is  di-  still,  it  will  be  decomposed,  and  oxygen 

minished  by  pounding,  the  chemical  af-  and  the  metal  will  be  reproduced, 

finity  between  them  is  not  efficient.  If  a  spirit  lamp  be  supplied  with  ether 

($  29.)  The  minor  degree  of  affinity  instead  of  alcohol,  it  will  inflame  upon 

by  which  solution  is  effected  has  also  a  approaching  to  it  a  body  in  a  state  of 

strong  influence  over  the  power  of  com-  innammation ;   but  if  instead  of  a  body 

position.    It  acts   chiefly   by  counter-  of  so  hi^h  a  degree  of  heat  a  coil  of 

acting  cohesion  and  repulsion,  and  thus  platina  wire,  heated  to  redness,  be  laid 

bringing  the  particles  of  solids  and  aeri-  upon  the  wick,  the  ether  will  still  be 

form  fluids  within  the  sphere  of  mutual  consumed,  and  the  wire  will  continue  to 

action.  gl^^»  ^*  "^  flame  will  be  produced. 

Sugar  of  lead  and  white  vitriol,   in  The  products  of  these  two  species  of 

their  solid  forms,  have  no  action  upon  combustion  will  be  totally  different,  and 

each  other ;  but  balance  their  powers  of  each  is  determined  by  the  degiee   of 

cohesion  by  dissolving  them  in  water,  temperature    at    first    communicated, 

and  the  double  elective  affinity  is  imme-  and    which  is  maintained  without  va- 

diately  at  lil)erty  to  act  in  the  way  which  riation,  by  the  heat  evolved  in  each 

we  have  pointed  out  (}  26.)  process. 
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On  Chemical  DeeompoiiHan, 

($  32.)  Wb  have  seen  how  chemical  de- 
compoeiiion  may  be  effected  by  elective 
affinity,  or  the  superior  chemical  attrac- 
tion of  one  of  two  combined  bodies  for  a 
third ;  and  we  have  also  seen  that  such 
decomposition  may  be  brought  about,  in 
some  cases,  directly  bv  the  agency  of 
heat.  The  agency  of  the  voltaic  pile  is 
however  the  most  general  and  effectual 
known  in  disengaging  substances  of  dif- 
ferent natures  from  their  combinations 
with  each  other.  Such  a  dee^ree  of  re* 
pulsion  may  be  communicated  by  means 
of  electricity,  to  the  ultimate  particles  of 
matter  of  unlike  kinds,  as  entirely  to 
counteract  the  strongest  chemical  attrac- 
tion between  them;  and  Inxiies  which 
resist  this  powerful  aeent  of  decomposi- 
tion are  deemed  einqde  or  elementary.  Of 
the  cauee  of  this  repulsion  we  know  no 
more  than  we  do  of  the  nature  of  attrac- 
tion :  its  ^ect  mKy  be  understood  from 
the  foUowmg  experiment. 

Place  a  few  drops  of  a  saturated  so- 
lution of  Glauber's  salt  (sulphate  of  soda) 
upon  a  piece  of  paper  stained  with  the 
blue  colour  of  litmus ;  and  also  a  few 
drops  of  the  same  solution  upon  another 
piece  stained  with  the  yellow  colour  of 
turmeric:  connect  the  two  portions  of 
the  solution  by  a  few  filaments  of  moist 
cotton,  and  place  the  positive  wire  of  an 
active  voltaic  pile  in  contact  with  that  on 
the  litmus  paper,  and  the  negative  wire 
with  that  on  the  turmeric  pa]>er.  In  a 
short  time  the  litmus  paper  will  exhibit 
a  bright  red,  and  the  turmeric  paper  a 
deep  brown  stain ;  the  former  being  the 
indication  of  the  presence  of  an  acid,  and 
the  latter  of  an  alkali.  It  will  be  re- 
collected that  we  have  descril)ed  (6  23) 
the  composition  of  Glauber's  salt  from 
the  action  of  affinity  between  sulphuric 
acid  and  curbonate  of  soda :  by  the  de- 
composing action  of  the  pile  these  are 
again  disunited ;  and  the  soda  appears 
at  the  negative  and  the  sulphuric  ackl 
at  the  positive  wire  of  the  apparatus. 
This  decomposition  may  be  effected  by 
a  comparatively  small  power  of  electric 
action  ;  and  a  pOe  of  nfty  pairs  of  cop- 
per and  zinc  plates  suffice  for  the  pur- 
pose. 

If  soda,  one  of  the  products  of  the  last 
experiment,  be  subjected  to  the  action  of 
a  more  powerful  pUe,  a  further  decom- 
position will  take  place ;  an  elastic  fluid, 
oxygen,  will  be  given  off  at  the  positive 
wire,  and  a  sub&nce,  endued  with  me- 
tallic lustre,  will  collect  around  the  nega- 
tive wire.    This  is  the  metal  sodium :  it 


is  not  susceptible  of  further  decomposi- 
tion, bv  the  application  of  any  power 
with  which  we  are  acquainted ;  and  is, 
therefore,  ranked  with  the  simple  sub- 
stances. When  the  action  of  the  pile  is 
discontinued,  it  again  rapidly  attracts 
oxygen  from  the  atmosphere,  and  is  re- 
converted into  soda.  Sulphuric  acid, 
the  other  product  of  the  decomposition 
of  the  salt,  may  also  be  resolved  into  its 
elements  by  the  same  agency ;  in  which 
case  sulphur  will  collect  at  the  negative 
pole,  and  oxygen  be  given  off  at  the 
positive.  These  experiments  will  only 
succeed  with  a  powerful  voltaic  appa- 
ratus, such  as  it  is  not  easy  to  meet 
with. 

We  shall  give  another  instance  of  de- 
composition, which  may  he  produced  by 
the  moderate  electric  power  previously 
referred  to.  Let  the  two  wires  of  the 
voltaic  pile,  which  for  this  purpose  ought 
to  be  of  platinum,  be  immersed  in  a 
vessel  of  pure  water :  the  liquid  will  be 
decomposed;  gaseous  matter  will  be 
given  off  from  each  wire,  but  of  very 
different  properties,  at  the  opposite  ex- 
tremities. It  may  be  collected,  by  in- 
verting glass  tul)es,  closed  at  one  end, 
and  filled  with  water,  over  the  wires, y^?- 
1 .    The  elastic  fluids  will  rise  into  the 


tubes,  and  displace  the  water.  The  quan- 
tity collected  over  the  negative  wire  will 
be  double  in  volume  to  that  collected 
over  the  positive  wire.  If  a  splinter  of 
lighted  wood  be  plunged  into  the  first 
(which  may  be  done  by  dextrously  in- 
verting the  tube,  and  keeping  the  open 
end  closed  with  a4nger,  till  the  flame  be 
introduced),  it  will  be  instantly  extin- 
guished, but  the  gas  itself  will  inflame 
at  the  surface.  If  into  the  second  a  splin- 
ter of  wood,  which,  afler  being  inflamed, 
has  been  extinguished,  b\A  «.VVi\  ^kX^^'txNM.^ 
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a  elowing  point,  be  immersed,  it  will  be  mospheric  temperature   and  pressure ; 

initantly  rekindled,  and  bum  with  jp-eat  these  are  oxygen,  chlorine,  hydrogen, 

brilliancy ;   but  the  gas  itself  will  not  and  nitrogen.    The  first  two  belone  to 

take  fire.    To  the  former  elastic  fluid  the  electro  negative  class,  and  the  last 

the  name  of  hydrogen  has  been  given ;  two  to  the  electro  positive. 

the  latter  is  oxygea    These  two  bodies  Of  these  bodies,  and  of  their  combi- 

are  the  elements  of  water ;  and,  not  being  nations  with  each  other,  we  shall  pro- 

capahle  of  further  decomposition,  in  the  ceed  to  give  some  account ;  but  not  m 

present  state   of   our   knowledge,    are  the  order  in  which  they  stand  above,  as 

reckoned  simple  substances  ♦.  by  departing  from  it  m  this  instance,  we 

(A  33.)  The  peculiar  mode  of  decom-  shall  have  the  advantage  of  treating, 
position  arising  from  electrical  repul-  first,  of  the  properties  of  some  com- 
9ion  has  afforded  a  basis  for  an  arUficial  pounds  which  are  every  where  presented 
arrangement  of  the  simple  substances  to  our  observation;  instead  of  commenc- 
for  the  convenience  of  study ;  and  by  its  ing  with  others  which  are  of  rare  occiu-- 
means  they  are  divided  into  two  classes,  rence.  not  easily  produced,  and  not  so 
The  first  consists  of  those  elements  perfectly  understood.  Tins  wOl  greatly 
which  are  attracted  from  their  com-  facilitate  the  comprehension  of  the  sub- 
pounds  with  substances  of  the  other  ject,  and  will  amply  compensate  for  any 
class,  by  tlie  positive  pole  of  the  voltaic  defect  of  arrangement, 
pile ;  and  as  bodies  in  opposite  states  of 

electrical  action  attract  one  another,  they  Chapter  II. 

may  be  called  electro  negative  bodies.  ^       *     ^             tm        a        r\ 

The  second  comprises  those  elements  ^Jj}^  P^^^^,  Elements-- O^Tf gen, 

which  are  attracted  by  the  negative  pole  Chlorine,  Hydrogen,  and  Nitrogen 

from  similar  combinations,  and  for  the  «««   ^^^^    Combtnattons  with  each 

same  reason  may  be  distinguished  as  other, 

electro  positive  bodies.    But  this  differ-  On  Oxygen*. — 8. 

ence  of  electrical  energies  must  be  con-  ($35.)  Bbforb  we  proceed  to  shew  how 

sidered,  in  a  ^eat  measure,  as  compa-  oxygen  gas  may  be  obtained,  it  will  be 

rative ;   for  m  any  compound  of  two  necessary  to  premise  a  few  words  upon 

bodies  of  the  same  class,  for  instance  of  the  method  of  collecting  and  examining 

the  electro  negative,  one  will  be  less  elec-  aeriform  bodies.     It  is  foreign  to  the  de- 

tro  negative  than  the  other,  and  will  con-  sign  of  this  treatise,  as  we  have  before 

sequently  pass  to  the  negative  pole  in  stated,  to  enter  into  the  niceties  of  che- 

the  act  of  decomposition.  mical  operations,  or  to  describe  all  the 

The  elementary  substances  at  present  beautiful  contrivances  which  ingenuity 
known  do  not  amount  to  more  than  be-  has  introduced  into  chemical  apparatus, 
tween  fifty  and  sixty,  and  of  this  small  for  ensuring  the  utmost  accuracy  in  de- 
number  IS  all  the  beautiful  variety  of  hcate  experiments.  Although  such  in- 
terrestrial  matter  composed !  and  ^^hat  ventions  are  highly  useful,  and  even  ne- 
is  stiJl  more  wonderful !  a  very  small  cessary,  in  carrying  on  original  investi- 
proportion  only  of  this  small  number  gations,  they  are  by  no  means  required 
enter  into  the  composition  of  those  ob-  for  obtaining  that  general  idea  of  the 
jects  of  infinite  diversity  which  are  most  laws  of  chemistry  which  every  one  ought 
familiar  to  our  senses  ;  and  many  of  to  possess,  for  tlie  proper  understanding 
them  are  of  such  rare  occurrence,  and  in  of  the  commonest  concerns  of  life,  and 
the  present  state  of  our  knowledge  ap-  which  may  be  sufficiently  illustrated  by 
parently  of  so  little  importance  in  the  every  day  occurrences,  and  easy  experi- 
frame  of  creation,  that  the  sole  purpose  ments.  In  the  way  of  apparatus,  wine 
of  their  formation  would  ajniost  appear  and  beer  glasses,  of  various  sizes;  apo- 
to  have  been  a  display  of  tliat  infinite  thecaries'  phials ;  thin  oil  flasks,  well 
Power,  by  which  all  things  were  pro-  cleaned;  with  glass  and  tin  tubes  of 
ducetl,  for  the  admiration  and  gratifica-  various  dimensions;  old  gun  barrels; 
tion  of  the  diligent  inquirer,  and  a  sti-  tobacco  pipes ;  an  argand  and  a  spirit 
mulus  to  his  pursuits.  lamp,  with  a  common  fire  and  bellows, 

(}  34.)   There  are  four  simple  sub-  offer  almost  inexhaustible  resources  lo  a 

stances  which  exist  in  the  giiseous  state    

under  the  common  circumstances  of  at-  .  ^  .    ,  ,           ^    ,        ^     .     r       -  , 

•  Denved  from  two  Orefk  words  tigQirying  •*  lue 

formation  of  acids,'*  as  oxygen  entf  n  into  the  com- 

*  For  a  farther  exposition  of  this  fobjeet,  tee  ikf  position  of  a  large  majoritj  of  the  acids,  and  was  for. 

Trtatiie  on  Qalvakum.  merlj  supposed  (o  be  ti&t  ftnend  Midifying  priaciple. 


pmM  flodind  ."rth  tto  fbaoHy  of  oon-  be  fixtd,  or  ft  metallk  trir«t  slaBd.  ib 

ItiTKiB*;  •rnMUlly  if  hi  tulu  himwif  inich  »  way  ai  (h»t.  v.beB  the  bath  Z 

Du^er  of  ttw  Ttiy  eMj  »rt  of  leaJing,  nMriy  fiUed  with  water,  it  may  Bow  two 

t)milii«.kndenlvgu)g«gkH  tube  over  or  three  inehe.  above  its  .iuf,iM.    oia« 

*  T'^.u.      ii_^-       .  P^'  ■**" «'»«««.  tube*,  or  boUlM,  mar 

Fw  the  coUwtioii  of  ^UM.  ipannglj  be  fiUed  with  water  by  reclininR  them  in 

!!l?^.^  *'*"■ ,?  "'^^  etrthrawaM  the  open  part,  and  may  afterwards  be 

foot-bath, oraimaUwashing^b.yto^.SJ  placed  upon  the  ahelf  with  their  mouths 

m^  be  employed.    JnthuaehdfihouU  downwaids.    A  glass,  or  metallic  tube 


proeecding  from  the  yessel  coQtaining; 
the  gutjstanoet  from  which  the  aeriform 
fluid  is  emitted,  may  then  be  laid  under 
the  ed^  o(  the  jar,  which,  (or  thit  pur* 

Kse,  IS  pennilted  to  projeet  e  little  over 
:  iheir ;  the  n«  wt/l  then  rise  into  it 
in  bubbles,  and  gradually  diapkoe  tlw 
water.  A  gai  may  abo  be  readilf 
traniferred  from  one  tcsmI  to  another, 
by  carefully  reclining  the  glass  wfaidi 
cootains  it  under  Ihe  edge  of  aoother 
illed  with  water,  and  projecting  over  the 
^telf;  and  Ihey  may  likewise  be  remoTed 
from  the  bath,  and  transported  from  OM 
^•ee  to  another,  by  placing  them  is 
•hallow  veaieli  or  saucers,  and  sur< 
roun^DK  them  with  attout  an  inch  of 
water.  These  operaliotts  are  ample  and 
CMy;  but  no  one  should  bediaappointed 
m  ncrt  succeeding  in  their  perfcraence, 
without  Mme  practice  and  perseveraocb 

($36.)  We  have  seen  that  when  the 
meW  quiekulver  (or  mercury)  is  aub- 
Diitted  for  a  conaiderable  lime,  in  com- 
munication with  the  atmosphere,  to  ttie 
ftclion  of  heat  near  its  boiling  point, 
it  is  eonvoled  into  a  brilliant  led  sub- 
■tanee,  which  was  formerly  known  to 
druggiita  by  the  name  ot  pndpiMt. 
ftrt*.  In  this  operation  the  mercury 
increasea  iti  weight  about  8  per  cent. 

Tlie  metal  lead  exposed  to  a  atrong 
heat  with  a  Urge  surface;  and  a  free 
Mean  (rf  air,  ti  also  Mnrerteil  into  a 


bri^t  red  substance,  commonly  known 
by  the  name  of  minium,  or  red  lead. 

Both  these  substances,  when  exposed 
to  a  red  heat,  give  out  the  oxyeen,  which 
they  bad  previously  altracted  from  the 
air  at  a  lower  temperature ;  thi^  opera- 
tioa  may  be  performed  in  a  retort,  or 
glaai  tube,  (jfig.  3,)  sealed  at  one  end,  a 


gradually  appUed.  For  the  production 
of  the  gaa,  the  small,  open  end  of  the 
retort  should  be  placed  under  the  edge 
of  a  vessel  filled  with  water  in  the 
wa!ei>bath:  in  the  flpure  it  is  repre- 
sented as  connected  wilh  a  receiver  for 
the  purpose  of  diatUlation.  Oxvtcen  gas 
may,  however,  be  belier  obtained  for  exa- 
mination from  a  salt  known  b^  the  name 
of  Chlorate  of  Potash.  This  may  be 
placed  in  a  ^ass  tube,  wilh  one  end 
closed,  and  the  other  fitted  with  a  cork, 
into  wblctt  &  nnaUer  p^  ii  insetted,  bent 
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ftt  a  right  angle,  {fig,  4,)  and  laid  under 
the  edge  of  a  jar  filled  with  water,  on 
the  shelf  of  the  water-bath.  When 
heat  is  applied,  by  means  of  a  lamp,  to 
this  substance,  it  fuses,  and  gives  out 


the  gas  in  great  purity.  It  may  also  be 
procured  from  saltpetre,  or  a  substance 
known  by  the  name  of  black  oxide  of 
manganese,  strongly  heated  in  a  gun« 
barrel,  with  the  touch-hole  plugged  up, 
and  from  which  a  small  pipe  of  tin,  or 
other  substance,  fitted  to  it,  is  laid  under 
the  jar.  In  collecting  gases  of  any 
kind,  the  first  portions  should  be  always 
set  aside  as  impure,  as  they  are  mingled 
with  the  common  air  which  the  appa- 
ratus necessarily  contains. 

Oxygen  gas  may  also  be  collected  in 
small  quantities  from  growing  vege- 
tables, exposed  to  the  solar  li^ht,  or  from 
the  fi;reen  matter  which  forms  ra  stagnant 
pools,  by  immersing  them  in  a  bell  glass 
filled  with  water. 

($37.)  Oxygen  gas  is  colourless,  with- 
out smell  or  taste,  and  may  be  breathed 
with  impunity  for  a  considerable  time ; 
but  in  its  pure  state  is  ultimately  found 
injurious  to  animal  life.  It  is  not  dis- 
solved by  water,  except  in  very  minute 
quantities.  It  is  rather  heavier  than 
atmospheric  air ;  100  cubic  inches  of  the 
latter  weighing  30.5  grains,  and  of  the 
former  about  3  grains  more  or  33.8. 

(}  38.)  We  wiB  here  explain,  once  for 
all,  that  in  speaking  of  the  weight  of 
gases,  we  sl^all  always  suppose  the  baro- 


meter to  stand  at  30  inches,  and  the 
thermometer  at  60**.  Those  who  wish 
to  know  how  they  are  affected  by  varia- 
tions of  temperature  and  pressure,  and 
in  what  way  corrections  can  be  applied 
for  such  variations,  must  consult  the 
treatise  on  Gaseous  Chemistry,  where 
these  points  will  be  explained,  together 
with  such  minute  details  of  manipula- 
tion as  it  does  not  enter  into  our  present 
purpose  to  describe. 

(}  39.)  All  combustible  bodies  bum 
in  oxygen  with  increased  splendor.  If 
the  glass  which  contains  it  be  furnished 
at  the  top  with  a  stopper,  it  will  be  easy 
to  prove  this  by  introducing  substances 
in  different  states  of  ignition.  They 
may  conveniently  be  attached  to  a  wire 
passing  through  a  cork  which  is  made 
to  replace  the  stopper  when  withdrawn. 
A  small  piece  or  wax  taper,  with  its 
flame  blown  out,  but  its  snuff  still  red 
hot,  upon  being  let  down  into  it,  will  be 
instantly  rekindled,  and  bum  with  great 
brilliancy. 

A  piece  of  charcoal  attached  to  the 
wire,  and    made   red-hot,  bums  most 
vividly,  throwing  out  beautiful 
sparks. 

If  the  wire  which  passes 
through  the  cork  be  made  to 
terminate  in  a  small  spoon, 
ifg'  5,)  a  small  piece  of  sul- 
phur or  phosphorus  may  be 
placed  in  it  and  kindled ;  they 
will  bum  in  the  gas  with  a 
splendor  which  the  eye  cannot 
bear. 

Twist  some  thin  iron  wire  into  a  spiral 
form  round  a  slender  rod,  which  must 
then  be  withdrawn ;  let  the  end  be  dipped 
in  melted  sulphur  and  ignited ;  when  let 
down  into  the  gas,  the  iron  will  bum 
with  a  brilliant  light,  and  scintillate  like 
A  firework. 

If  such  a  glass  jar  and  stopper,  as  we 
have  described,  should  not  be  at  hand, 
these  experiments  may  be  performed  in 
a  common  bottle,  into  the  neck  of  which 
the  cork  and  wire  may  be  loosely  in- 
serted, and  which  it  will  not  be  found 
difficult,  with  the  assistance  of  a  small 
Amnel,  to  fill  with  gas  over  the  water- 
bath. 

The  above  are  all  instances  of  intense 
chemical  affinity,  during  the  action  of 
which  light  and  heat  are  given  off  in 
abundance.  During  the  various  pro- 
cesses the  oxygen  will  disappear,  and 
the  substances  with  which  it  combines 
will  proportionaUy  increase  in  weight 
It  is  not  difficult  to  prove  these  facts  in 
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a  general  manner ;  but  to  perform  the  diately   inflame   at  the  mouth  of  the 

experiments  with  precision  requires  a  bottle';  but  the  flame  of  the  taper  im- 

complicated  apparatus.  mersed  in  the  gas  will  be  extinguished. 

Coil  up  a  known  weight  of  iron  wire,  Upon  withdrawing  the  taper  it  may  be 

and  place  it  in  the  bowl  of  a  tobacco-  rekindled  as  it  passes  through  the  flame 

pipe»  the  pipe  of  which  is  connected  of  the  gas,  and  again  extinguished  by 

with  a  bladder  filled  with  oxygen  gas ;  returning  it. 

heat  the  wire  to  redness  in  the  fire,  and  If  a  mixture  of  two  parts  of  common 

then  force  through  it  a  stream  of  the  gas  air,  and  one  of  hydrogen,  be  made  in  a 

from  the  bladder.    The  iron- wire  will  strong  phial,  capable  of  containing  about 

bum ;  that  is  to  say,  it  will  combine  with  four  ounces  of  water,  it  will  mflame 
the  oxygen,  and  from  the  intensity  of    upon  presenting  a  candle  to    it,    not 

the  action  Ught  and  heat  will  be  emitted,  silently,  as  in  the  last  experiment,  but 

When  weighed,  it  will  be  found  to  be  suddenly,  and  with  a  loud  explosion, 

considerably  heavier  than  before,  and  The  bottle  should  be  wrapped  round 

]  00  grains  will  have  increased  to  about  with  a  cloth  to  prevent  accidents,  in  case 

130.  it  should  burst  m  the  experiment 

Oxygen  is  electro-negative  with  regard  ($42.)  Oxygen  and  Hydrogen  gases 

to    every   other    known  body,  and  is  may  be  mixed  together  in  any  propor- 

attracted  by  the  positive  pole  of  the  tions;  and  their  disposition  to  become 

Voltaic  pile  from  aU  its  combinations,  equally  diffused  in  any  given  volumes, 

even  with  substances  of  its  own  class.  as  with  all  gases,  is  so  great,  that  even 

the  vast   difference    in    their   specific 

On  Hydrogen*, — 1.  gravities  will  not  keep  them  separate. 

(J  40.)  If,  into  a  bottle,  contaming  filings  J^i  ^^o,  gl*f  P*^»^»  ^t^  corks,  into 

or  turnings  of  h-on,   or  zinc,Te  pour  which  a  glass  tube  may  be  mserted  ten 

sulphuric  acid,  diluted  with  six  or  seven  ?'  ^^\?  ^^^^  \on^,  and  about  one- 

times  ite  weight  of  water,  a  strong  action  *^![!^®';  •  ,°^  .^u  *"^*^  bore.    FiU  one 

will  take  plTce,  and  a  gas  will  be  given  ®^  *>IP?'*^*  with  oxygen,  and  the  othar 

off,  which  may  be  coUected  in  the  mSiner  ^l'^^  hydrogen.    Place  the  former  with 

before  described,  by  means  of  a  bent  ?*«  "J^H,^*^  upwards  upon  a  table,  and 

tube,  fitted  to  the  mouth  of  the  botUe  mswrt  the  cork  with  tlie  tube ;  fit  the 

with  a  cork.    This  is  Hydrogen  gas.  ^l^  '^^^.  ^%  Jj^er,  and  fix  it  upon  the 

(}41.)  It  is  colourless,  and  without  ^^^  «"^  ^U*^\^"i^  with  its  mouth 
taste ;  but,  as  commonly  prepared,  has  downwards.  The  hydrogen  will  descend 
a  faint  disagreeable  smeU ;  which,  how-  f^^}^^  ^^X^^'!  ^'*^"5?»  notwithstanding 
ever,  is  supposed  to  depend  upon  some  }}?«  /oraer  is  sixteen  times  lighter  than 
alight  impurity.  It  is  speedily  fatal  to  ^^^  ^"^f  J  ^"J  i[  ^^%  ^^  permitted  to 
animal  life  when  taken  into  the  lungs.  ^°^^^  ,^^0  or  three  hours  in  the  per- 
It  is  not  absorbed  by  water  except  in  pendicular  position  described,  upon 
very  minute  quantities.  It  is  lighter  applying  a  Lght  to  either  phial  an  explo- 
than  atmospheric  air;  and,  indeed,  the  **^"  ,tI  *2i^?  P**^®-  .  .- ,.  .  .,^ 
lightest  of  all  bodies  which  are  known  J*  ^^-^  ^^}^  explosion,  which  m  the 
to  possess  weight;  100  cubic  inches  fboye  experunent  testifies  the  mixture  of 
only  weigh  2 . 1  grains.  If  a  bladder  be  t»»e  two  gwes,  is  produced  by  the  sudden 
fiU«i  with  it.  and  attached,  by  means  of  exertion  of  that  higher  degree  of  affinity 
a  stop-cock,  to  a  tobacco  pipe,  upon  between  the  two  ga^,  wfuch  gives  rise 
dipping  the  bowl  into  a  strong  lather  of  ?o  co;»po«/ion,  and  which  is  brought 
aoap.  bubbles  may  be  blown  with  it  "^^^  action  by  the  high  temperature  of 
which  will  rise  rapidly  into  the  air ;  and  ^^^  The  compound  in  this  mstance 
it  is  upon  this  principle  that  it  is  used  ^  ^Sr^'  •.•*.,  ,  . 
for  filling  air-balloons.  It  is  inflam-  The  composition  of  water  may  be  de- 
niable, but  it  extinguishes  flame.  monstrated  by  synthesu  (which  means 

Fill  an  inverted  stoppered  bottle  with  ^^^  formaUon  of  any  body  from  its  ele- 

the  gas.  and  close  it  with  the  stopper,  ^^nts),  and  by  (malysts  (the  resolution 

Fix  a  small  piece  of  wax-taper  upon  a  of  a  body  into  its  component  parts). 

wire,  and  ignite  it ;  turn  the  bottle  up,  Eight  parts  by  weight  of  oxygen  combme 

Temove  the  stopper,  and  carefuUy  in-  w*^"  one  part  of  hydrogen    to    form 

troduce  the  taper.    The  gas  will  imme-  water.                                   .,,,.,,. 
' ' (}  44.)  Now,  as  hydrogen  is  the  lightest 

«<itt»tuaiu4»  the  smallest  proportion  by  vteiiJbkt.,  itosl 
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the  other  simple  substances,  it  is  con- 
venient to  assume  it  as  the  standard  of 
comparison  for  the  combining  propor- 
tions, or  equivalent  miifiWtof  all  other 
bodies;  which,  moreover,  it  is  highly 
probable  are  simple  multiples  of  its 
number.  Hydrogen,  therefore,  thus 
standing  at  the  head  of  the  scale,  and 
being  represented  by  I, the  equivalent  of 
oxygen  will  be  8,  and  that  of  water  9. 

Oxygen,  however,  is  sometimes  as- 
sumea  as  the  standard  of  comparison, 
and  represented  by  the  number  10,  in 
which  case  the  equivalent  for  hydrogen 
is  1.25;  the  result  is  of  course  the  same, 
the  proportion  of  1.25  to  10  being  the 
same  as  that  of  1  to  8.  The  choice  is 
one  of  convenience,  and  on  this  account 
we  prefer  the  former. 

We  shall,  in  the  course  of  this  treatise, 
attach  to  the  name  of  each  substance, 
placed  at  the  heads  of  the  sections,  its 
simple  number  upon  this  scale  of  equi- 
valents ;  it  is  of  the  greatest  importance 
to  impress  them  strongly  upon  the  me- 
mory, and  they  will  thus  be  perpetually 
presented  to  the  ejre  in  a  prominent 
manner.  Where  the  body  is  compound, 
we  shall  also  affix  the  proportions  of  the 
elements  of  which  it  is  compound. 

(}  4  5.)  The  composition  of  elastic  fluids 
developes  a  still  more  simple  law  of 
combination  in  this  class  of  bodies,  than 
that  of  d^nite  weighU;  it  is  that  of 
definite  volumee.  The  union  of  gases 
is  always  effected  in  simple  proportions 
t>f  their  volumes  ;  and  a  volume  of  one 
gas  combines  with  an  equal  volume,  or 
twice  or  three  times  the  volume  of  ano- 
ther gas,  and  in  no  intermediate  pro- 
portion. 

On  Wdter.--^,  (I  0.8+1  H.  1). 

($  46.)  OxYOEN  and  hydrogen  combine 
in  the  proportion  of  one  volume  of  the 
former,  to  two  of  the  latter,  to  form 
water. 

The  expeximent  is  one  of  some  nicety, 
but  may  be  performed  in  the  following 
way. 

Provide  a  very  strong  glass  tube,  (fig-fi,) 
closed  at  one  end,  and  fitted  at  the 
other  with  a  brass  cap  and  stop-cock, 
strongly  fixed  with  cement.  Two  small 
holes  must  be  drilled  in  the  upper  part 
of  this  tube,  into  which  two  wu-es  must 
be  cemented,  the  points  of  which  must 
nearly  touch  one  another  on  the  inside. 
Let  a  mixture  of  very  pure  oxygen  and 
hydrogen  gases  be  very  accurately  made, 
in  the  proportions  named  above,  in  a 
jar  ^ted  with  a  stop  cook,  to  which  the 
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cock  of  the  tube  may  be  connected. 
Extract  the  air  from  the  tube  by  means 
of  an  exhausting  syringe,  screw  it  on  to 
the  jar,  and  upon  opening  the  cocks  a 
portion  of  the  mixture  will  rush  in. 
Again  eidiaust  the  tube  to  secure  the 
extraction  of  any  remaining  air.  Replace 
it  upon  the  jar,  fill  it  again  with  the 
mixture,  and  carefullj^  close  the  stop- 
cocks. Pass  an  electric  spark  through 
the  wires,  and  the  gases  in  the  tube  will 
«xplode.  Allow  the  tube  to  cool,  and 
upon  opening  the  cocks  a  fresh  portion 
of  the  gases  will  rush  in,  which  will  be 
e^ual  to  the  first  quantity,  provided  the 
mixture  has  been  accurately  made,  and 
the  common  air  perfectly  extracted. 
This  portion  may  be  again  inflamed,  and 
the  process  continued,  till  a  strong  dew 
is  seen  upon  the  interior  of  the  tube. 
This,  upon  examination,  will  be  found  to 
be  pure  water. 

If  the  mixture  be  made  in  any  other 
proportion  than  that  of  one  of  oxvgen  to 
two  of  hydrogen,  the  excess  oleinier  gas 
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will  be  left,  for  they  will  combine  in  no  more  obvious  properties  of  the  well- 
other.  Those  who  have  not  the  means  known  fluid  water,  which  is  so  abun- 
of  repeating;  this  experiment,  may  con-  dantly  diffused  over  the  face  of  tlie  earth, 
vince  themselves  that  the  product  of  the  The  purest  state  in  which  it  is  offered  to 
combustion  of  hydrogen  gas  in  oxygen  us  by  nature,  is  as  it  descends  from  the 
is  water,  by  burning  a  small  stream  of  clouds  in  the  form  of  rain.  It  is  colour- 
hydroiren  from  a  bladder,  under  a  bell-  less,  inodorous,  and  insipid ;  and  these 
glass,  with  atmospheric  air.  As  the  com-  negative  characters  confer  upon  it  its 
bustion,  i.  e.  the  combination  of  oxygen  greatest  value.  To  enumerate  its  uses 
and  hydrogen,  proceeds,  water  will  con-  would  be  to  transcribe  a  long  chapter 
dense  upon  the  cold  surface  of  the  glass,  indeed  from  the  book  of  nature,  and  is 
and  trickle  down  its  sides.  t^mte    incompatible    with    our    present 

($  47.)  We  have  already  adverted  to  bmits.    We  must  confine  ourselves  to 

the  analysis  of  water  by  means  of  the  marking  a  few  of  its  characteristics  in 

voltaic  pile  ($32);  it  is  in  perfect  ac-  the  three  states  in  which  it  is  presented 

cordance  with  its  synthesis^  and  when  to  our  observation,  viz.  as  a  liquid,  a 

both  these  processes  agree  in  their  re-  solid,  or  ice,  and  an  aeriform  fluid,  or 

suits,  the  demonstration  is  the  most  per-  steam. 

feet  of  which  chemical  philosophy  is  ca-  (}  49.)  It  has  been  an  object  of  the 

pable.    The  hydrogen  given  off  at  the  greatest    importance  to  ascertain  with 

negative  pole  is  exactly  the  double  in  precision  the  weight  of  a  given  volume 

volume  of  the  oxygen  given  off  at  the  of  pure  water,  as  it  is  the  standard  with 

positive  pole.  which  all  other  liquids  and  solkis  are 

Water  may  also  be  decomposed,  by  compared ;  as  the  weights  of  aeriform 

means  of  heat  and  elective  affinity,  in  fluids  are  with  atmospheric  air.    More- 

the  following  way : — ^Take  a  gun-barrel,  over,  a  recent  act  of  parliament  declares 

the  breech  of  which  has  been  removed,  that  the  standard  measure  of  capacity 

and  fill  it  with  iron- wire  coiled  up.  Place  shall  be  the  gallon,  containing  10  lbs. 

it  across  a  conunon  chafing  dish,  and  avoirdupoise  weight  (7000  ^ains=llb.) 

connect  to  one  end  of  it  a  small  glass  of  distilled  water,  weighed  in  the  air  at 

retort  containing  some  water ;  and  to  the  temperature  of  62^  of  Fahrenheit's 

the  other  a  bent  tube,  opening  under  the  thermometer ;  the  barometer  being  at  30 

riielf  of  the  water  bath.   Heat  the  barrel  inches.    The  capacity  of  this  gallon  is 

red  hot,  by  means  of  charcoal,  and  apply  277.274  cubic  inches, 

a  lamp  under  the  retort    The  steam  of  From  the  most  careful  experiments,  it 

water,  in  passing  over  the  red  hot  iron»  appears  that  a  cubic  inch  of  water,  at 

will   be  decompKMed,    the  oxygen  will  the  temperature  of  60®,  weighs  252.52 

unite  with  the  iron,  and  the  hydrogen  grains,  and  consists  of  28.06  grains  of 

maj  be  collected  in  the  form  of  gas.  nvdrogen,  and  224.46  grains  of  oxygen. 

This  is  the  most  economical  way  of  The  volume  of  the  former  fsras  is  1325 

making    hydrogen  in  large  quantities,  cubic  inches,  and  ofthe  latter 662, making 

Those  who  have  an  opportunity  of  visit-  together  1987  cubic  inches ;  so  that  the 

ing  an  ironfoundry,  may  see  this  pro-  condensation  is  very  nearly  2000  volumes 

eess  constantly  going  on ;  for  when  the  into  one. 

melted  metal  is  poured  into  the  damp  ($  50.)  The  effect  of  temperature  upon 

moulds,  the  water  which  they  contain  is  liquid  water  is  distinguished  h>y  a  pecu- 

decomposed,  and  the  hydrogen  which  is  liarity  of  a  very  striking  nature,  and  ex- 

^ven  off  is  ignited ;  and  generally,  from  hibits  a  departure  from  a  general  law  of 

its  mixture  with  the  air,  produces  a  nature,  for  a  purpose  so  obviously  wise 

slight  explosion.  and  beneficent,  as  to  afford  one  of  the 

If  this  experiment  be  made  veiy  care-  strongest  and  most  impressive  of  those 

Iblly,  by  placing  the    iron-wire,    pre-  endless  proofs  of  design  and  omniscience 

Tiously  weighed,  in   a  ^lass,  or  very  in  the  frame  of  creation,  which  it  is  the 

compact  earthen  tube,   instead  of  the  most  exalted  pleasure  of  the  chemist,  no 

gun-barrel,  the  weight  which  the  iron  less  than  of  the  naturalist,  to  trace  and 

^vill  have  acquired,  added  to  the  weight  admire. 

of  the  volume  of  gas  produced,  will  be  All  liquids,  except  water,  contract  in 

found  exactly  to  make  up  the  weight  of  volume  as  they  cool  down  to  their  points 

the  water  decomposed ;  and  they  will  be  of  congelation ;  but  the  point  of  gi^atest 

to  one  another  in  the  proportion  of  eight  density  in  water  is  about  4u° ;  its  freez- 

to  one.  ing  point  being  32^.    As  its  temperature 

(}  48.)  It  is  needless  to  dwell  upon  the  deviates  from  this  point,  either  upwards 
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or  downwArds,  its  density  diminisbes : 
in  other  words,  its  volume  increi 
This  peculiar  law  is  of  miicli  greater 
consequence' in  Itie  economy  of  nature, 
Ihan  miehl  at  first  he  supposed.  The 
water  which  covers  so  large  a  portion  of 
the  surface  of  the  clolie.  i'  one  of  the 
most  efficient  nieani  ot  equalizing  its 
tem(>erHtnre,  and  rendering  Ihose  parts 
Iiabilalile,  which  would  otherwise  be 
bound  up  in  perpetual  frost,  or  scorclied 
with  intoleral>le  heat.  The  cold  air  which 
rushes  from  the  polar  regions  prt^res- 
■ively  abstracts  the  heal,  from  llie  great 
natural  basins  ot  water  or  lakes,  till  the 
whole  mass  is  reduced  to  4U°;  but  at 
this  point,  by  a  wise  providence,  the  re- 
frigerating influence  of  the  atmosphere 
becomes  nearly  null :  for  (he  superficial 
stratum,  by  further  cooling,  becomes 
specitisally  lighter ;  and  instead  of  sink- 
ing to  the  botlom  as  t>efore,  and  displac- 
ing the  warmer  water,  it  now  remains  at 
the  surface,  becomes  converted  into  a. 
cake  of  ice,  and  preserves  Ihe  subjacent 
naler  from  the  further  influence  of  the 
cold.  If.  like  mercury,  it  continued  to 
increase  in  deniily  to  its  freezing  point, 
the  cold  air  would  continue  to  rob  the 
mass  of  water  of  its  heat,  tilt  the  whole 
sunk  to  32°,  when  it  would  immediately 
iet  into  a  solid  stratum  of  ice,  and  every 
living  animal  in  it  would  perish ;  and  in 
these  latitudes,  a  deep  lake  so  frozen 
would  never  again  be  liquefied. 

(J  51.)  Water,  at  the  moment  that  it 
assumes  the.  solid  form  of  ice,  expe- 
riences a  sudden  expansion  of  atill 
erealer  amount  tlian  the  preceding.  Its 
bulk  is  enlarged  in  the  proportion  of 
nine  to  eight ;  and  in  the  act  of  freezing, 
if  confined,  it  is  capable  of  bursting  ttie 
strongest  vessels.  The  common  expe- 
rience in  hard  frosts  of  the  cracking  of 
water-pipes  or  of  vessels  in  wliich  water 
is  suffere<l  lo  freeze  without  room  for 
(his  expansion,  bears  testimony  to  (he 
fact.  In  consequence  of  its  being  speci- 
fically lighter,  ice  always  swims  upon 
the  surface  of  water. 

(§  5i,)  A  cubic  inch  of  water  at  40° 
is  expanded  by  heat  into  1694  inches,  or 
nearly  a  cubic  foot  of  steam,  at  the  tem- 
perature of  213°;  at  which  point  its 
elasticity  is  equal  to  the  mean  elasticity 
of  the  atmospliere,  or  30  inches  of  mer- 
cury; and  when  given  off  in  this  state  it 
occasions  the  phenomena  of  boiling.  The 

Erincipal  properties  ot  steam  may  be  ex- 
ihited  in  the  following  way.  Procure  a 
gtus  tube,/^.?,  about  1  inui  boreuid  7  or 


8    inches   in 
length,  closed 

and    ft    little 
enlarged      at 
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tremily,  by 
blowing  into 
it  when  soft- 
ened by  heat. 
Wrap  a  piece 
of  thm  wash- 
leathei  round 

rod  of  wood 

long,  till  it 
just  fits  into 
(he  tube  and 
forms  a  pis- 
ton, which  will 

in    it.      Pass 
the  gla.ssIuLie 
throughapei^    i 
forated  cork, 
so  as  to  form 

an  exterior  collar  at  its  upper  end. 
Stick  a  fork  into  this  to  form  a 
handle,  by  which  it  mny  be  held  over 
(he  flame  of  a  lamp.  Put  a  little  water 
into  the  bottom  and  heat  it.  Whta 
it  boils  briskly  the  air  will  be  expelled 
by  the  steam,  and  Ihe  piston  is  then  to 
be  introduced  a  little  way.  Plunge  the 
tube  into  cold  water,  and  Ihe  steam  will 
be  instantly  condensed,  and  the  piston 
will  be  driven  down  by  the  pressure  of 
the  atmosphere  upon  the  vacuum  thus 
formed  under  it.  Cause  the  water  again 
to  boil,  by  holding  it  over  the  flame,  and 
the  elustic  force  of  the  steam  will  drive 
the  piston  upwards ;  which  motions  may 
be  alternately  product^  by  repeatedly 
heating  and  cooling  the  water  in  tha 
bulb  of  Ihe  tube.  It  is  the  production 
and  sudden  annihilalion  of  ttiig  elastic 
force  which  is  the  source  of  tlie  pro- 
dig  io  us  power  of  the  steam-engine. 

Steam  is  perfectly  transparent  and  in- 
visible, as  may  be  observed  when  the 
water  boils  and  the  tube  is  filled  with  it. 
nr  as  it  at  first  issues  from  the  spout  of 
a  tea  kettle.  It  is  only  when  it  is  be- 
ginning to  be  condensed  that  it  puis  on 
that  cloudy  appearance  which  many 
people  suppose  lo  be  essential  (o  it. 

(}  53.)  But  steam  is  not  only  formed 
from  waler  at  its  boiling  point,  but  rises 
slowly  and  quietly  from  it  at  all  teni- 
peralures,  even  below  the  freeiing  point. 
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It  is  ftlwftys  found  mixed  with  the  per-*  On  Nitrogen. — 14. 
nanent  ^fases  of  the  atmosphere,  even  (j  56.)  Thb  next  of  the  four  gaseous 
in  the  driest  weather ;  as  may  be  seen  simple  substances,  whic^  we  shall  de- 
hjf  the  dew  which  is  deposited  upon  cold  scribe,  is  Nitrogen  (or,  as  it  has  some- 
bodies, such  as  a  glass  of  water  fresh  times  been  named,  Azote*).    Like  hy- 
drawn  from  a  well  in  summer.     Its  drogen,  it  l)elongs  to  the  electro-positive 
elasticity  at  the  freezing  point  is  equal  class,  being  attracted  by  the  negative 
lo  0.200  inch  of  mercury,  and  its  force  pole  of  the  Voltaic  pile, 
increases  in  a  geometrical  progression        it  constitutes  four^fiflhs  of  the  atmo- 
for  equal  incrementa  of  temperature.  sphere   of  our  globe,  and  may  most 
rL.^^.'*^  nr,/_     17  readily  be  obtained  for  examination  by 
^?^i1b  + 1  H  l7  removing  the  oxygen  with  which  it  is 
i:(  u.  10  -I-  1  XI.    !•  mixed,  by  the  action  of  some  superior 
a  54.)  It  was  long  supposed  that  there  affinity.     The  residue  of  atmospheric 
was  only  one  compound  of  oxygen  and  ah-,  in  which  phosphorus  has  been  suf- 
hydrogen ;  but  another  has  lately  been  ferg^  to  burn  out,  after  standing  a  little 
discovered,  in  which  hydrogen  is  umted  ^^il^  ^^^^  ^sier,  consists  of  tolerably 
with  a  double  proportion  of  oxygen,  the  ^^^  nitrogen ;  or  the  oxygen  may  be 
numbers  being,  hydrogen  1,  oxygen  16  absorbed  by  allowmg  the  air  to  stand  in 
or  equal  volumes  of  the  two.  a    receiver    over  a  mixture  of  equal 
The  only  process  at  present  known,  weights  of  iron  filings,  and  sulphur  made 
by  which  it  can  be  produced,  is  difficult,  into  a  paste  with  water, 
complicated,  and  eroensive:  so  much       ( j  57.)  Nitrogen  gas  is  distinguished 
BO,  that  it  is  doubtful  whether  it  has  \yy  negative  characters,  rather  Sian  by 
been  ever  tried  in  this  country.    We  ^ny  active  properties, 
shall  therefore  pass  it  over,  at  present,       Jt  is  colourless,  inc 

tied 

remarkable  ^_r-— - ^       v"  i»u.i*«« ^^au  uyciu  it,  «  «  »«v  «.»*-... 

to  keep  itsuiTOunded  by  ice;  for  at  a  mable,  and  it  instantly  extinguishes  all 

tempmiture  of  58°  it  is  decomposed,  burning  bodies  introduced  into  it. 
and  oxygen  gas  is  given  off  in  abun-        it  is  a  little  lighter  than  atmospheric 

dance.    It  is  liquid  and  colourless,  like  ^ir,   100  cubic  inches  weighing    29.7 

water ;  but  produces  ujpon  the  tongue  a  grains, 

metallic  taste.    It  attacks  the  skin  with  °^ 

rapidity,  bleaches  it,  and  occasions  a  Nitrogen  with  Oxygen. 

smarting  sensation.    By  throwing  some  (j  53.)  Nitrogen  may  be  mixed  with 

metals  into  it,  in  a  state  of  fine  division,  oxygen  in  any    proportion ;    but  four 

such  as  silver  or  platinum,  explosions  parts  by  volume  of  the  former,  and  one 

are    produced   witnout    effecting    any  of  the  latter,  form  a  mixture  resembling 

change  upon  them,  in  a  way  which  is  atmospheric  air  in  all  its  properties.  The 

not  easily  understood.  atmosphere  also  contains  a  variable  pro- 

(5  55.)  In  the  systematic  language  of  portion  of  vapour  of  water  as  we  have 

Chemistry  (which  has  greatly  conduced,  already  stated  (J  53),  and  very  minute 

by  its  simpbcity  and  its  ready  adaptation  portions  of  other  matters  which  will  be 

to  new  facts,  to  the  advancement  of  the  mentioned  hereafter:  its  essential  cha- 

science ;  and  the  principles  of  which  we  racters  are,  however,  derived  from  these 

shall  endeavour  to  explain  as  we  pro-  two  ingredients. 

ceed),  the  combinations  of  oxygen  with  jhe  invariable  uniformity  of  this  mix- 
other  bodies,  which  are  not  acid,  are  ture  is  one  of  the  most  surprising  facts 
termed  oxides :  and  if  more  than  one  ^jth  which  chemistry  has  made  us  ac- 
such  compound  with  the  same  body  quainted.  Air  has  been  examined  in  the 
should  be  known,  they  are  distinguished  ^ost  accurate  manner,  which  has  been 
as  first,  second,  or  third  oxide,  by  the  collected,  by  means  of  a  balloon,  from  a 
appellations,  derived  from  the  Greek  height  of  nearly  22,000  feet ;  and  at  the 
numerals,  of  pro/oxide,  deu/oxide,  tni'  level  of  the  sea;  from  the  heart  of  the 
oxide,  or  the  furthest  degree  of  oxida-  most  crowded  districts  of  the  most  popu- 
tion  is  denoted  by  the  term  peroxide,  lous  towns ;  and  from  the  summit  of 
In  this  language,  therefore,  water  is  the  j^ont  Blanc ;  from  within   the  polar 

protoxide  of  hydrogen  ;  and  the  com-     . — . 

pound  to  which  we  have  just  referred  is      ,  y^^  ^  q^^^  exprewion,  ngnifying  ••  priY»Uoa 

the  (ie»/ozkie»  or  perojxde  of  hydrogen,  of  iife.»» 
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circle;  and  from  the  equalor;  and  do 
dllTereTice  has  been  discovered  in  iti 
pinpoilions.  The  active  properties  of 
atmospheric  air  are  all  referable  to  Ihe 
oJiygKn  wh'ich  it  contains,  and  are  those 
of  that  body  diluted.  Without  otygen 
no  animal  could  live^in  pure  oxygen 
they  would  live,  if  the  expression  may 
be  alloived,  too  rapidly,  as  a  candle 
would  burn  with  too  great  tntensi^. 
All  the  vital  funclions  would  be  in- 
creased to  a  morbid  excels.  Many  ex- 
periments have  been  tried  upon  the  sub- 
ject, but  no  gas,  or  mixture  of  gases,  has 
ever  been  discovered  which  can  support 
life  in  the  same  uniform  manner  as  the 
mixture  which  has  been  so  admirably 
adapted  to  the  purpose,  and  so  wonder- 
fully preaervea  from  change.  All  (he 
common  processes  of  combustion  are  the 
resull  of  the  affinity  of  the  oxygen  of 
the  atmosphere  for  the  bodies  which 
bum  in  it,  and  in  all  it  is  consumed ; 
but  notwithstanding  the  enormous  con- 
sumption, from  this  and  other  causes,  it 
if  perpetually  renewed,  and  its  propor- 
tion maintained,  by  an  adaptation  of 
means  lo  the  end  so  nicely  adjusted,  as 
to  form  one  of  the  greatest  wonders 
where  all  is  admirable. 

($a9.)There  areno  known  means  of 
■  making  nitrogen  and  oxygen  combine 
directly  in  a  more  intimate  manner;  and 
this  is  probably  one  provision  for  the 
lence  and  salubrity  of  (he  air 


nitrouf  acid ;  and  should  there  be  M 
acid  of  a  degree  atill  lower,  the  Greek 
preposition  Avpo  (under)  ii  preflked,  ID 
denote  an  under  proportion  of  oi^gcA, 
as  the  hj/poaitcottt  acid. 

Protoxide  (^  Nitrogen. — its 

(IN.U+IO.8). 

(JCI.)Thk  protoxide  ofnitrogtn^u 

it  is  sometimes  called  nihrout  oxide)  is 
Itest  obtained  by  fUsing  a  inlt  called 
Nitrate  of  Ammonia  in  a  retort  over  an 
argnnd  lamp.  This  salt  is  not  alwayi 
to  Tip  oblained,  but  is  very  eaaily  twmed 
by  dissolving  Carlionnte  of  Ainmmiik 
(of  which  the  common  smelling  mlta  arv 
made)  in  nitric  acid  (aquafbrtis)  diluteil 
with  ftve  or  six  parts  of  water.  The 
solution  is  to  be  eva|)orBted,  (ill  a  dhqt 
of  it,  taken  out  upon  a  glass  rod,  con- 
cretes on  cooling. 

When  the  salt  is  liquefied,  it  should  b« 
cautiously  kept  simmering  by  a  |^ntle 


sorbed  by  this  fluid  in  a  oonsldenible 
proportion,  the  tube  throu^  wWch  It 
passes  into  the  jar  should  be  cotidiKtvd 
to  its  top,^.  8.  that  it  may  not  have  lit 
— •  the  whole  column. 
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breathe:  as  such  compounds  otherwise 
obtuned  are  all  noxious,  and  most  of 


electric     sparks    througl 

common  air,  but  it  was  effected  with 

great  labour  and  perseverance. 

Five  distinct  compounds  may,  havr- 
ever,  be  produced  by  other  means ;  and 
they  admirably  illustrate  the  change  of 
pr^riies  conferred  by  composition  In 
dilftrent,  but  multiple  proportions.  The 
first  two  belong  to  the  class  of  oxides, 
not  having  any  acid  properties;  and  they 
may  be  called  the  protoxide  and  the 
deutoxide  of  nitrogen.    The  three  last 

(j  60.)  Now  when  a  substance  forms 
more  than  one  acid  combination  with 
oxygen  in  different  proportions,  the 
chemical  nomenclature  distinguishes 
them  as  follows : — 

The  highest  degree  of  oxygenation  is 
nlarked  by  its  name  terminating  in  ic, 
as  the  nititc  acid ;  that  of  the  next  degree 
ii  made  tp  temunate  in  itiu,  as  the 


(}  62.)  The  protoxide  of  nitrxigen  Is  a 
oojourless,  elulia  fluid,  cansiderwbly . 
heavier  (ban  commou  air,  100  cubic 
inches  weighing  4fl.i  grains.  It  lias  a 
sweetish  taste,  and  faint  agreeable  smell. 
Water  dissolves  about  ils  own  bulk  of 
this  gas.  Animals,  when  wholly  conflneil 
m  it,  die  very  sjieedily :  it  may,  however, 
be  bi-ealhed  for  a  short"  time  with  impu- 
nity 1  and  it  has  been  found  to  produoe 
a  most  extraordinary  excitement  in  Ihc 
liuman  frame.  The  BXi>erimeiil  may  Iw 
tried,  tiy  filling  a  clean  bladder  with  it, 
and  inhalinfi  it  repeatedly  tbivugh  ■ 
pipe   attached  to  a  stop-cock.     Care 
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should  be  taken  that  the  gns  is  very  the  same  proportion  (allowinfi^  fbr  the 
pure.  The  sensations  whicli  it  produces  unavoidable  inaccuracies  of  delicate  ex- 
have  been  variously  described  bv  dif-  periments)  as  16.8  to  29.7,  the  combi- 
ferent  people,  but  all  have  agreed  that  ning  weights  in  the  above  experiment 
they  are  very  agreeable,  and  much  re-  This  is  an  example  of  Uie  mode  of 
semble  the  exhilaration  produced  by  spi-  reasoning,  by  which  the  composition  of 
rituous  liquors.  It  has  mostly  occa-  a  body  may  be  deduced  from  the  results 
sioned  an  irresistible  propensity  to  laugh-  of  analysis ;  which,  as  the  protoxide  of 
ter  and  muscular  exertion,  not  followed  nitrogen  cannot  be  formed  by  the  direct 
by  that  depression  and  sense  of  lassitude  union  of  its  elements,  is  the  only  means 
wnich  generally  succeed  excitement  from  of  ascertaining  it  in  the  instance  before 
fermented  liquors.  us.    The  method  is  unobjectionable,  but 

This  gas  does  not  change  the  colour  the  proof  not  so  satisfactory  as  when  we 

of  blue  vegetable  infusions,  and,  there-  are  able  to  confirm  it  by  synthesis.  Wlien 

fore,  is  not  acid.  the  two  methods  concur,  the  conclusion, 

Many  substances,  when    introduced  which  rests  upon  them,  has  all  the  cer- 

into  it  m  a  state  of  inflammation,  burn  tainty  of  a  matnematical  demonstration, 
with  great  aplendour,  from  their  superior  ^    ^     ,.     ^  ...^ 

affinity  for  the  oxygen,  with  which  they  Deutoxtde  qf  Nttrogen.Sd. 

combine,    setting   nitrogen  tree.     The  (1  N.  14  +  2  0. 16.) 

^owin^wiek  of  an  extinguished  taper  is  (}  65.)  Thb  deutoxide  of  nitrogen  (or,  as 

immediately  kindled  by  it  into  flame.  it  is  sometimes  denominated,  niti  / c  oxide) 

Iron-wire,  and  red-hot  charcoal,  bum  may  be  obtained  from  the  action  of 

in  it,  with  neariy  the  same  splendour  as  nitric  acid   (aquafortis)   upon  copper. 

in  oxygen  gas,  but  for  a  shorter  time.  The  metal  may  be  put  into  a  retort,  and 

Phosphorus  introduced  into  it,  in  a  the  acid  poured  upon  it,  when  a  brisk 
state  of  active  inflammation,  bums  with  effervescence  will  take  place,  and  the  gas 
great  violence,  almost  approaching  to  may  be  collected  in  a  jar  in  the  water- 
explosion,  l)atn. 

When  mixed  with  hydroi^,  it  will        (^66.)  It  is  a  permanent  elastic  fluid, 

detonate  either  by  the  application    of  very  sparingly  soluble  in  water,  and  does 

flame,  or  of  an  electric  spark.  not,  when  pure,  act  ui>on  blue  vegetable 

(}  63.)  Two  volumes  of  the  protoxide  colours.    It  is  wholly  irrespirable.    The 

require  two  volumes  of  hydi'ogen   for  flame  of  most  bodies,  as  of  a  taper  or 

their  complete  decomposition,  and  the  sulphur,  is   instantly  extinguished,  by 

residue  is  two  volumes  of  nitrogen,  llie  being  immersed  in  it;  but  it  parts  with 

experiment  may  be  tried  in  the  apparatus  its  oxygen  to  charcoal  and  i)hosphorus, 

previously  described  for  the  detonation  of  if  introduced  in  a  state  of  vivid  inflam- 

mixtures  of  oxygen  and  hydrogen,/^.  6.  mation,  and  they  burn  in  it  with  in- 

Now,  as  two  volumes  of  hydrogen  are  creaKd  energy.  It  does  not  explode, 
equivalent  to  the  saturation  of  one  when  mixed  with  hydro^n  in  any  pro- 
volume  of  oxygen,  we  infer  that  the  pro-  portion ;  but  it  colours  its  flame  green, 
toxide  of  nitrogen  is  composed  of  two  if  burnt  with  it  in  the  common  air. 
volumes  of  nittogen  and  one  of  oxygen.  It  is  but  little  heavier  than  atmospheric 
condensed  into  two  volumes;  and  the  air,  100  cubic  inches  weighing  31.7 
speciflc  gravity  of  the  gas  confirms  this  grains.  When  mixed  with  oxygen  eas, 
influence,  for  the  wei^t  of  deep  red  fumes  are  generated ;  and  ir 
100  cubic  inches  of  nitrogen  is  the  experiment  be  made  over  water,  a 

29.7  gas  (§  57)  great  absorption  will  ensue;  and  when 

and  of  60  oxygen        .     16.8         (J  37)  tne  gases  are  perfectljr  pure,  and  mixed 

in  the  proper  proportions,  they  entirely 

making  the  weight  of  1 00  disappear.    The  same  appearance  takes 

cubic  inches  of  prot-  pla*a  with  atmospheric  air,  and  the  di- 
oxide        -        -         46-5  minution  upon  mixture  is  proportionate 
as  before  stated  firom  experiment  to  the  cmantity  of  oxygen  which  it  con- 

(5  64.)  The  equivalent  numl)er  of  ni-  tains.    From  this  property  ofeondens- 

trogen  is  also  deduced  from  the  same  ing  oxygen,  and  no  other  gas,  it  has  been 

dfgiQ  for  much  used  in  eudiometrv,  or  for  measur* 

16.8  :  29.7  : :  8  :  14,  ing  the  purity  of  atmosplieric  ah-,  whith 

that  is  to  say,  the  numl)er  for  oxygen  was  formerly  supposed  to  depend  upon  a 

being  denoted  by  8,  that  of  nitrogeh  varying  proportion  of  that  gas.       ^ 
must  be  14 ;  these  two  numbers  being  in       In  this  prooess  an  t«»4  ia  Vjtt«a^^a 
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may  be  proved  by  the  following  experi-  decomposition.    It  will  not  be  necessaty 

ment    Paste  a  slip  of  paper,  stained  to  say  more  upon  this  compound,  ana 

with  litmus,  within  a  glass  jar ;  and  into  we  only  notice  it  as  forming  a  link  be- 

the  jar,  filled  with,  and  inverted  over  tween  the  last  and  the  next  compound, 

water,  admit  as  much  Deutoxide  of  Ni-  We  have  seen  that  4  volumes  of  the 

trogen,  well  washed  by  agitation  with  deutoxide  are  composed  of 
water,  as  will  displace  the  water  below  2  volumes  of  nitrogen 

the  level  of  the  paper.    The  blue  colour  2  volumes  of  oxygen, 

will  remun  unchanged ;  but  on  admit-  and  the  additional  volume  makes  3  vo* 

ting  common  air,  or  oxygen,  it  will  be  lumes  of  oxygen  to  2  of  nitrogen  in  the 

immediately  reddened.  composition  of  hyponitrous  acid,  or  ia 

It  may  be  decomposed  bv  suffering  it  numbers, 
to  stand  over  iron  filings,  which  abstract        1  proportion  of  nitrogen     »        14 
a  portion  of  its  oxygen,  and  convert  it       S  ditto  of  oxygen         •        .        24 
into  pro/oxide  of  nitrogen.  — 

(§  67.)  Its  composition  has  been  accu-  38 

rately  ascertained  by  burning  charcoal  j^Urous  Aeid.-iS.    1  N.14+4  O.  32.) 

in  it,  which  combines  with  the  whole  of    ..  ^^  v  »r        l  j  •  au     •* 

its  o^n.  amounting  to  half  its  volume.  <*  ?."•>  T?«  "«*  compound  is  the  mbrous 

and  leaves  nitrogen  t5  the  amount  of  the  ^f^  "^^"^  "'y  »^°  ^,  P«>duced  by 

other  half.    Hence  we  infer  that  it  is  adding  oxygen  to  the  deutoxide  of  n.tro- 

compostd  of  equal  volumes  of  the  two  ««"•    ^1"  e*Pen«nent  wiU  not  succeed 

gases  uncondensed ;  and  that  the  volume  S'^'IJ'?*'"  <""  «'«C'»'7.  ^"*  "»?  ^.^'^■ 

Sfoxygen  is  exactly  the  double  of  that  in  ''r       '"  f  ^'^Vu''!^'  *"*i  *' **  * 

the  pr^eding  compound.    This  result  ^^T"^  'J'*""  " k°^  1^*  ■"  ^  ^ 

agrees  exactly  with  Its  weight,  for  extracted  by  an  exhaustmg  synnee.    In 

^'  ^  .  tlus  way  a  mixture  may  be  made  of  2 

«n  /...!.;„  :.,«K»=  ^t  ««.,.i«>„       ""■  measures    of   (he    deutoxide,    and    1 

»P^h  ^^    ifi  «  «  ^.7 1  '»«'»"'«  of  «>*ye«".  which  WiU  be  oon- 

rn      5    •    V*       f   ;'        '6.B(}d7.j  densed  into  half  their  volume,  and  form 

».th  '"    *"      "    °^      ,.  o  r«  .7  >  »  deep  orange-coloured  gas:  2  volumes 

weigh       .       .       .        14^  ($57.)  of  the  deutoxide  are  composed,  as  we 

,.      .      ,, -,  _  have  seen, 

making  together    .  ^I^  ,  ;„,„„g  ^  „j,,^g^„^  ^„j 

the  weight  of  100  cubic  inches  of  the  „j   ,  Ini?)""*  °/ "*Jf!I!'   „„  ^aa^ 

deutoxide  as  before  stated  from  exne.  .        '   volume   of  Oxygen  now   added, 

rimpn^  *<'™'  ^  volumes  of  oxygen  to  I  of  nilro- 

Its  composition,  therefore,  upon  the  ^"n'^i^^bT"^"'"""  "^  "^'~"''  '"^'^' 
scale  of  equivalents  is,  I  equivalent  of  nitrogen       .        14 

1  equivalent  of  nitrogen      .    .    14  a  aAi^  ^e  ,^-^,^J  oX 

2  dftto  of  oxygen  ...     16  4  ditto  of  oxygen         .        .        32 

^Q  equivalent  of  nitrous  acid    46 

($  70.)  A  taper  will  bum  in  this  gas, 

rr        '1         J  'J     90  ^^d  phosphorus  most  vividly.      Char- 

Hypomtrous  ^cm/.-38.  ^^  also  bums  in  it  with  a  dull  red 

(IN.  14 +  3  0.24)  light. 
((  68.)  Thb  next  combination,  in  order,        Water  dissolves  it,  and  acquires  a 

of  nitrogen  with  oxygen,  the  hyponitrous  green  tint,  which  changes  to  blue,  and 

acid,  is  rather  hypothetical  (conjectural),  finally  to  yellow,  as  more  of  the  gas  is 

inasmuch  as  it  never  has  been  exhibited  absorl)ed.    The  solution  is  sour,  red- 

in  a  detached  form.  dens  litmus  paper,  and  stains  animal  sub- 

For  its  production,  a  mixture  of  deut-  stances  yellow.    It  has  been  called  liquid 

oxide  of  nitrogen  and  oxygen  must  be  nitrous  acid ;  but  with  regard  to  this 

made  over  mercury,  instead  of  water,  solution,  there  is  some  ambiguity    to 

upon  the  surface  of  which  a  little  solution  which  we  shall  hereafter  again  refer, 
of  potash  must  float.    The  proportions        No  practically  use^l  application  has 

must  be  4  volumes  of  the  former,  and  I  been  made  of  any  of  these  compounds, 
of  the  latter.    They  combine  together  .    . 

under  these  circumstances,  and  form  an  Nttrtc  Acid.-^bA.  (1  N.  14  +  5  O.40-> 

acid  which  immediately  unites  with  the  (}  71.)  We  have  already  mentioned  that 

potash,  but  which  cannot  afterwards  be  by  laboriously  passing  electric  sparks^ 

separated  from  it  without  undei^oing  fi^m  a  powerful  machine,  througli  a 
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mixture  of  oxygen  and  nitrogen,  tome  without  great  caution.    When  poured 

indications  are  obtained  of  an  union  upon  warm,  dry  charcoal  in  powder^ 

between  the  two  gases :  the  product  is  combustion  ensues,  with  the  emission 

a  small  quantity  of  nitric  acid.  of  copious  fiunes  of  deutoxide  of  nitro- 

This  acid  may  readily  be  produced  by  sen.  Spirits  of  turpentine  may  be  in- 
passing  the  deutoxide  of  nitrogen  very  named  by  suddenly  pouring  nitric  acid 
•lowly  into  oxygen  gas,  standing  over  upon  it :  the  acid  should  be  poured  out 
water.  By  this  operation,  fourvolumefl  of  a  phial  attached  to  a  long  stick,  or 
of  the  former  combine  with  three  of  the  there  would  be  danger  to  the  eyes  of  the 
latter;   and  the  compound,  therefore,  operator 

must  consist   of  2  volumes  nitrogen,       ($74.)  In  reviewing  these  various  com- 

and  5  volumes  oxygen,  or  by  weight  of  pounds  of  oxygen  and  nitrogen,  the  mind 

1  ec[uivalent  of  nitrogen      .        14  oannotbutbe  impressed  with  the  wonder- 

5  ditto  of  oxygen        .        .        40  ful  nature  of  that  species  of  attraction 

^  —  which,  by  such  apparently  simple  means, 

making  the  equivalent  of  nitric  as  mere  variation  of  proportions  and  ap- 

acid     ....        54  proximation  of  particles  of  two  bodies. 

The  acid  as  it  is  formed  is  absorbed  can  confer  such  essentially  different  pro- 

by  the  water,  and  it  is  very  doubtful  perties  upon  matter !   In  the  atmosphere 

whether  it  can  be  exhibited  in  an  in-  by  whicn  we  are  surrounded,  we  are 

aulated  state.  presented  with  an  active  principle  es- 

(}  72.)  The  liquid  nitric  acid  is  of  sential  to  the  existence  of  life,  but  inju- 
very  great  importance  in  the  arts,  and  rious  in  its  pure  state,  diluted  by  mea- 
ls used  in  large  quantities.  It  is  pro-  sure  and  weight,  with  an  inert  fluid  to 
cured,  for  commerce,  hy  distilling  nitre  the  exact  proportion  which  is  most  be- 
with  strong  sulphuric  acid :  the  product  neficial  to  animal  existence.  It  is  per- 
is an  intensely  acid  liquid,  whicn,  whoi  petually  consumed  and  perpetually  re- 
pure,  is  colourless,  and  when  most  con-  newed ;  but  never  exceeds  or  falls  short 
centrated  has  a  specific  gravity  of  1.5  ;  of  its  determined  quantity.  This  bland, 
that  is  to  say,  it  is  by  half  heavier  than  tasteless,  inodorous,  invisible  mixture, 
water.  In  this  state  it  contains  25  per  in  which  we  are  perpetually  immersed, 
cent,  of  water ;  which  is  the  least  quan*  and  upon  the  maintenance  of  which  our 
tity  with  which  it  is  known  to  exist,  and  existence  depends,  by  the  mere  approxi- 
is  therefore  a  definite  compound  of  mation  of  its  particles,  in  a  manner  to 

1  equivalent  nitric  acid  ...    54  us  mysterious,  is  capable  of  being  con- 

2  ditto  of  water  (9x2)    .    .    18  verted  into  a  poisonous,  corrosive,  suf- 

—  focating  red  vapour,  which  would  in- 
72  stantly  destroy  ail  organized  matter.  By 
which  are  in  the  same  proportion  to  each  approximating  in  ot  her  proportions,  an  in- 
other  as  75  :  25.  And  we  have  before  toxicating  deleterious  atmosphere  would 
shewn  ($  44),  in  speaking  of  the  union  be  produced  ;  or  compounds  with  other 
of  oxygen  with  hydrogen,  that  the  equi-  properties,  but  all  destructive  of'  life, 
valent  of  water  is  9.  Sucli  afiSnities,  it  is  clear,  exist ;  but  are 
In  this  state  it  is  called  hydro-xvXnc  happily  restrained  by  the  Great  Legis- 
acxi  (firom  a  Greek  word,  signifying  later  who  framed  the  laws  of  nature, 
w^r)  to  denote  this  combination.    In  NixaooKN  with  Hydroobn. 

Sa^^rtlSEA  iX,  ^«»---''-  ('  N.  14  +  3  H.  3). 

or,  as  it  is  termed,  the  anhydroui  state.  ($  75.)  Wb  come  now  to  examine  the 

It  may  be  mixed  with  water  in  any  affinity  between  nitrogen  and  hydrogen, 

proportions  beyond  the  25  per  cent.  These  two  gases  may  be  mixed  in  any 

(4  73.)  The  nitric  acid  is  a  highly  cor-  proportions ;  but  there  are  no  means 
rosive  fluid,  and  acts  as  a  powerful  cau-  known  of  causing  them  to  unite  directly 
tery  when  applied  to  the  slcin,  which  it  in  a  more  intimate  manner.  Such  a  com- 
stains  of  a  permanent  yeUow.  It  is  de-  pound  may,  however,  be  obtained  indi- 
composed,  with  great  violence,  l^  most  recUy.  There  is  a  saline  l)ody,  well 
substances  which  have  an  affinity  for  known  in  the  arts  by  the  name  of  ecu- 
oxygen  ;  which  element  enters  so  largely  ammoniac :  if  some  of  this  salt  be  finely 
into  its  composition.  If  it  be  brou^t  pounded,  and  mixed  with  an  equal 
into  contact  with  hydrogen,  at  a  hi^h  quanlity  of  unslaked  quick  lime,  in 
temperature,  a  vk>lent  detonation  will  powder,  and  introduced  into  a  tube  or 
be  the  consequence ;  but  the  experiment  retort,  upon  the  application  of  a  gentle 
at  dangerous,  aadihoold  not  be  made  heat,  itwiIL^\«o>i\.vGk.«i&x«GQi$^'Wv^<^ 
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gent  smell,  well  known  as  arising  fron^  sitting  of  3  volumes  of  hydrogen,  and 

spirits  of   hartsihprn.     This   proceeds  1  volume  of  nitro;jen. 

ftom  the  ^volution  of  a  gas,  which  19  Now,  150  cubic  inches 

rapidly  absorbed  by  vi^ater,  apd  there-  of  hydrogen  wei^h    .    ^.15p^.(Ml) 

fore  cannot  be  collected,  as  the  gases  we  and  5P  ditto  nitrogen    .    14.Ugrs.(}£i7) 

have  hitherto  treated  of,  over  that  liquid.  

It  pnay,  however,  be  obtained  in  JaT^I  Together    18.05 

ilil^d  with  piercury,  in  a  similar  way  to  which,   as  2   volumes   are   condensed 

the  water  hath ;  and  various  forms  of  into  1,  will  be  the  weight  of  100  cubic 

apparatus  have  been  contrived  to  facili-  inches  of  ammonia,  and  agrees  with  the 

tate  the  operatiqn  in  this  and  similar  direct  es^periment.  Its  constitution,  there- 

iii^tftnces,  and  to  economise  the  mer-  fore,  by  weight  is — 

cury,  which  is  an  expensive  article.    ItK  One  equivalent  of  nitrogen     .     14 

principal  properties  ma^,  hbweva^,  be  Three  ditto  hydrogen        .       .      3 

exhibited  by  collecting  it  in  a  prepared  — 

bladder,   made  thin  oy  scrapmg,  and  and  its  equivalent    .       .17 

furnished  with  a  stop-cock,  which  may  (}  78.)  The  solution  of  ammonia  in 

be  attached  tp  the  mouth  of  the  retort  water  is  commonly  known  by  the  name 

CQnts^qing  the  above  mixture.  It  will  be-  of  liquid  ammonia ;  but  incorrectly,  as 

CQme  inflated  as  the  gas  is  given  off;  and  the  pure  gas  is  capable  of  assuming  the 

it  may  be  preserved  for  a  shprt  time  by  liquid  form  undei^  high  pressure,  equal 

closing  the  cock  and  detaching  the  ^lass.  to  that  of  64  atmospheres,  or  195  inches 

This  elastic  fluid  is  called  ammonia.  of  mercury. 

(6  76.)  An  animal  plunged  into  it  im-  Tlie  aqueous  solution  of  ammonia, 

meaiately  dies,  and  the  flame  of  burning  which  is  an  article  of  great  importance 

bodies  Is  extinguished  by  it.    The  flame  and  extensive  use,  may  be  prepared  by 

of  a  taper  becomes  enlarged,  with  a  kind  passing  the  gas,  as  it  is  formed,  directly 

of  yellow  halo  before  it  goes  out,  shew-  into  water,  which,  at  the  temperature  of 

ing  an  inclination  of  the  gas  itself  to  50°,  will  take  up  670  times  its  volume; 

burn ;  and  if  a  small  jet  of  it  be  intro-  its  bulk  is  thereby  increased,  and  its 

diiced  into  a  jar  of  oxygen,  it  may  be  in*  specific  gravity  dimmished :  that  of  a  sa- 

flamed — the  product  of  the  combustion  t\uuted   solution  is  .875,  water    being 

beinu  water  and  nitrosren.  IQOO. 

It  is  very  much  lighter  than  common  The  solution  may  be  more  conve- 
air,  lOUcubicinchesonly  weighing  18.05  niently  prepared  by  the  following  pro- 
grains,  cess : — On'  9  ounces  of  well-burnt  Hme 

It  changes  the  blue  colour  of  vegeta-  pour  half  a  pint  of  pure  water ;  and 

b^es  to  green,  and  yellows  to  brown;  when  it  has  remained  in  a  well-closed 

but  not  permanently,  for  as  the  gas  yessel  about  an  hour,  add  ri  ounces  of 

escapes  me  original  colour  returns.  ial  ammoniac  in  powder,  and  three  pints 

{^77,)  Ammonia  may  be  resolved  into  and  a  half  of  boiling  water.    When  the 

nItro!>:en  and  hydrc^n  gases,  by  passing  mixture  has  cooled,  pour  oft  the  clear 

it  through  a  red  hot  tube;   ana  more  portion,  and  distil  from  a  retort  20  fluid 

rapidly,  if  the  heatckd  surface  over  which  ounpea.    The  specific  gravity  of  tliis  so- 

it  ia  driven  be  increased  by  iron-wire  lution  is  .954. 

coiled  up  in  the  tubi^  The  experiment  It  possesses  the  peculiar  pungent 
may  be  made  in  th^  apparatus  before  smell,  taste,  and  alksuine  properties  of 
described,  (}  47,)  by  fniing  a  bladder  with  the  gas  itself,  and  has  the  same  action 
the  iras,  expeUmg  it  through  the  heated  upon  vegetable  colours, 
tube  by  pressure,  and  receiving  the  ni-  (J  79.)  We  have  thus  arrived  at  the 
trogen  and  hydrogen  in  a  jar  upon  the  knowledge  of  two  principal  compounds 
water-bath.  A  mixture  of  ammonia  and  of  nitn^^en,  pf  the  mrectly  opposite  qua- 
oxyi^en  may  be  inflamed  by  the  electric  lities  which  characterize  two  great  classes 
spark,  just  as  a  mixture  of  oxygen  and  of  bodies  called  acids  and  alkalies.  The 
liydroii:en.  The  mere  passing  electric  first,  with  5  proportions  of  oxygen,  con- 
sparks  through  it  also  effects  its  decom-  stituting  the  nitric  acidy  inteasely  sour, 
position.  By  this  process  its  bulk  is  corrosive,  and  turning  the  blue  colour  of 
gradually  enlarged,  and  when  two  or  vegetables  red ;  the  second,  with  3  pro- 
three  hundred  discharges  have  passed  portions  of  hydrogen,  producing  the  vo- 
through  a  cubic  inch  of  it,  it  will  be  Utile  a/ kali  or  ammonia,  ho7,  bitter, 
found  to  have  doubled  its  volume.  caustic,  converting  vegetable  blues  to 

Two  volumes  of  ammonia  produce,  by  grei^n,  and  yellowy  to  brown. 

their  i||ecomposition,  4  volumes ;  poa-  .  It  will,  we  oonceiv^'  ^reat^y  facilitate 
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the  eonqirehension  oC  the  subjects  of  1  eq^uivalent  ammo- r  1  equ.  nitrogen,  14 
uEauty  9M^  definite  proportion,  if  we       nia,  17  js  do.  hydrogen,  3 

stop  to  illustrate  them,  by  considering  or,  in  other  words,  the  salt  is  composed 

the  further  combination  of  these  two  of 

bodies  together;  although  it  does  not  2  equivalents  nitrogen  ,.  .  .28 
ei|ter  into  our  general  plan  to  examine  3  do.  hydrogen  ...  3 
tkl^  properties  of  l)odie8  of  this  class,  till       5        do.         oxysrcn      .    .    .40 

wo  naye  completed  the  list  of  simple  In  this  decomposition  the  3  proportions 

substances,  and  their  binary  compounds,  of  hydrogen  take  3  of  oxygen,  and  form 

a  dQ-)  By  carefuUy  dropping  a  solu-  water ;  and  the  remaining  2  proportions 

tion  of  ammonia  ipto  diluted  nitric  acid,  of  oxygen  combine  with  the  2  of  ni- 

t|M^  will  neutralize  each  other ;  and  the  trogen,  and  produce  the  protoxide  of 

fxact  point  of  saturation  may  be  ascer-  nitrogen:  and  these  are  the  only  pro- 

iained,  by  dipping  into  the  solution,  from  ducts. 

time  to  time,  small  slips  of  paper  stained  It  is  almost  impossible  for  the  least 
with  litmus  and  turmeric:  when  these  contemplative  mind  not  to  be  struck  with 
colours  are  no  longer  affected,  the  neu-  admiration  at  the  harmonious  simplicity 
tralixation  is  complete.  The  solution  of  the  laws  upon  which  these  transmu- 
wiU  now  be  neither  acid,  corrosive,  al-  tations  depend:  and  the  feeling  of  satis- 
kaline,  nor  caustic ;  but  its  taste  will  be  faction  which  their  development  pro« 
saline  and  bitter.  If  the  liquor  be  care-  duces  is  part  of  that  pure  delight  which, 
fully  evaporated  at  a  temperature  not  independentlyofmore  substantial  ad  van- 
exceeding  1 00®,  it  win  shoot,  on  cooling,  tages,  rewams  the  diligent  student  of 
into  prismatic  crystals.  The  salt  so  pro-  the  works  of  nature, 
duced  is  called  nitrate  of  ammonia,  and 
is  a  deftnite  compound  of  nitric  acid,  Orc  Chlorink*.— 36. 

Smmonia,  and  water.    Its  proportions 

ave  been  very  carefully  ascertained  to  (j  83.)  Chlorinb,  the  last  of  the  four 

b«  m  100  parts,  aeriform  elements  which  we  have  enu- 

add       .    67.63  merated,  l)elongs,  with  oxygen,  to  the 

aikah     .    21.14  electro-negative  class ;   being   evolved 

water     .    11 .23  ^m  all  its  compositions,  except  with 

-^"■"  oxygen,  at  the  positive  pole  of  the  Vol- 

...                     ^  ^^!^       ...  **"<^  Pi^    It  may  be  obtained  as  fol- 
wnicn  are  m  proportion  to  each  other  at   lows: — Mix    three    parts   of  searsalt 

1  equivalent  nitric  acid  .  54  (J  71.)  finely  pounded  with  one  of  peroxide  of 

1       ditto      antmonia .   1 7  (}  77,)  manganese— a  substance  well  known  in 

1       ditto      water       .     9  (}  44.)  several  of  the  arts  by  the  name  of  black 

the  numbers  for  which  were  formerly  manganese;  pour  upon  them  in  a  re- 

okitamed  from  the  direct  combination  of  tort  two  parts  of  sulphuric  acid  diluted 

the  elements  of  each.  with  an  equal  weight  of  water :  by  the 

(§81.)  Water  thus  combined  with  a  action  of  a  gentle  heat  the  gas  will  be 

salt  IS  called  its  wcUer  of  crystaUizatum :  given  off.    ft  may  also  be  obtained  by 

it  u  essential  to  Its  existence  m  the  orys-  Qie  action  of  muriatic  acid  upon  the 

tailme  state,  but  may  be  generally  ex-  same  oxide. 

peUed  by  heat,  leaving  the  anhyirmu  Cold  water  dissolves  about  twice  its 

salt  in   an  amorphous  (or  shapeless)  volume  of  clilorine ;  and  mercury  ra- 

sUle,  but  with  all  its  properties  un-  pidly  combines  with  it.    It  is  I)est  col- 

chan^ed.  lected  over  warm  water;  and  the  waste 

This  It  is  difficult  to  effect  m  the  pre-  from  absorption  may  be  diminished  by 
sent  instance,  as  the  salt  is  very  easily  leading  the  pipe,  by  which  it  is  con- 
decomposed  by  heat,  and  at  a  tempera-  ducted,  to  the  top  of  the  jar;  as  was 
ture  of  600  explodes,  being  wholly  re-  before  recommended  for  the  protoxide 
aolved  mtoits  elements.  of  nitrogen  (}  61.)     It  may  be  pre- 

(*  82.)  The  results  of  its  decomposi-  served  'in  bottles  with  glass  stoppers 

tion  at  a  tower  temperature  we  have  well  greased,  taking  care  that  the  water 

^read)r  shewn  (}  61).  m  describing  the  is  wholly  expelled  from  them, 

formation  of  the  protoxide  of  nitrogen ;  (^   84.)    It    possesses   a    yellowish 

and  this  process  may  now  be  understood,  crreen  colour,  an  astringent  taste,  and  a 

Nitrate  of  ammonia,  which  is  melted  most  suffocating  smell ;  all  of  which 

at  a  gentle  heat,  is  composed  of 

1  equivalent  nitric  j  1  equ.  nitrogen,  14,-  nu^.,^-..         ** , 

^  54               \5  di.   oxygin,  40  it-coLT,  ^'^''  """^  ''^"^    ^'•"^  '"'^ 


24  CHEMISTRY. 

qualities  ftre  communicated  to  its  aque-  suddenly  and  with  detonati<m.  When 
ous  solution.  If  received  into  the  lungs,  the  stopper  is  afterwards  withdrawn  un- 
its action  is  extremely  painful  and  inju-  der  mercury,  it  will  be  found  that  no 
rious.  condensation  has  taken  place;  but  if 

It  is  considerably  heavier  than  com-  under  water,  it  will  instantly  rush  in  and 

mon  air:  100  cubic  inches  weigh  76.3  fill  the  phial — as  the  new  compound  is 

grains.  rapidly  absorbed  by  that  liquid.    The 

When  a  burning  taper  is  introduced  mixture  may  also  be  exploded  by  flame, 

into  it,  it  is  quickly  consumed  with  a  dull  or  the  electric  spark, 

red  flame,  which  throws  off  a  dense  To  this  compound  the  name  of  muri- 

black   smoke  :    phosphorus    spontane-  atic  acid  has  been  given,  and  it  is  some- 

ously  ignites  in  it,  and  bums  with  a  times  called  hydrochloric  acid.    As  the 

pale  white  flame;  and  several  of  the  elements  combine  without  condensation, 

metals,  in  a  finely-divided  state,  or  in  its  specific  gravity  must  be  the  mean  be- 

thin  leaves,  inflame :  and  in  this  wa^  tween  those  of  its  two  ingredients, 

tin,  copper,  and  zinc,  exhibit  a  beauti-  50  cubic  inches  of  chlorine 

ful  appearance.  *                   Orauw, 

Chlorine,  mixed  with  the  vapour  of  weigh         .        .        .    38.10  (}  84.) 

water,  as  it  is  usually  obtained,  assumes  50  ditto  of  hydrogen       .      1-05  f^  41.) 

the  liquid  form  at  a  temperature  of  40® ;  loo  cubic  inches  of  muria- 

and  when  surrounded  with    snow  or  tic  acid  must  therefore 

pounded  ice,  concretes  into  a  solid  of  a  weigh        .        ,       .39.15 

yellowish  colour ;  which  is  deposited  , .  t_                               ,        .,,     ..      . 

upon  the  sides  of  the  receiver,  like  the  ^'^^^H  ^^^^  ^^ry  nearly  with  direct 

effects  of  frost  upon  the  surface  of  win-  ®*?f"??w  •  ^-  .,  .  ,  ^  i. 
dows.  If  the  gas  be  artificially  dried  by  ,  ^i  5^  Munatic  acid  gas  is  best  ob- 
passing  it  over  substances  which  ab-  tamed  by  the  action  of  strong  sulphuric 
itract  vapour,  as  a  salt  known  by  the  ^'^,  ^POUKix  equal  weight  of  sea  salt :  it 
name  of  muriate  of  lime,  the  most  in-  >»  ,?»^?"  ^^  *"  S^eat  punty,  but  must  be 
tense  artificial  cold  produces  no  effect  collected  over  mercury, 
upon  it.  Strong  compression,  equal  to  V\f  P'uP^*!f  u®^  ,  gases  as  are 
four  atmospheres,  will,  however,  reduce  '*P^^]y  a?>f  rbed  by  water,  may  be  exa- 
lt to  the  liquid  form.  It  has  no  acid  ™^"^  without  a  re^ar  mercurial  ap- 
properties :  it  is  not  sour,  and  it  does  not  P^ffV"^'*!? ^  means  of  a  glass  tube  from 
change  the  blue  colour  of  vegetables  to  H^  *<>  three-quarters  of  an  inch  dia- 
red;  lut  it  destroys  all  animal  and  ve-  ™«l«r»  »"^  .^o"  ^5^  ^^  te^J  inches  m 
getable  colours,  and  is  a  most  impor.  }eng\*^-  It  is  closed  above,  but  open  at 
tant  agent  in  the  art  of  bleaching.  This,  the  lower  extremity    and        ^^     ^ 

however,  it  can  only  effect  when  water  i""*ir?P.y^- ^^-  ^*™*y 

is  present    If  a  piece  of  dry  litmus  be  filled  with  mercury,  wid 

paper  be  introduced  into  a  jar  of  dry  «  then  to  be  supported 

chlorine,  it  will  suffer  no  change ;  but  ^^  *  f  ^",c«^  beneath  it. 

if  previously  wetted,  the    colour  will  The  soluble  gas  inay  be 

speedily  disappear.     The    colours    of  Produced  in  a  small  tube, 

printed  calico  may  readUy  be  discharged  o'^'etort,  drawn  out.  and 

by  the  same  mea^s.  f^^^  "^  s"ch  a  way  that 

^                       _^  the  end  may  be  introduced 

Chlorine  and  Hydrookn.  ^t  the  mouth  so  far  as  to 

Muriatic  Acid,— 37.  (1  Ch.  36  + 1  H.  1 .)  allow  the  bubbles  to  pass 

({85.)   Chlorine  and  hydrogen  may  into  the  tube,  and  the  mer- 

bie  mixed  together ;  and  if  carefully  ex-  cury  to.flow  out  into  the 

eluded  from  the  light  of  day,  will  remain  saucer.    When  the  metal 

without  change.    If  the  mbcture  be  made  has  descended  nearly  to  the  bend,the  ope- 

with  equal  volumes  of  the  two,  and  ex-  ration  should  be  stopped.  Small  portions 

Eosed  to  light,  they  will  gradually  com-  of  the  gas  so  collected,  may  afterwards  be 

ine ;  the  chlorine  will  lose  its  peculiar  examined,  by  placing  the  finger  upon  the 

colour  and  smeU,  and  a  powerfully  acid  aperture  in  contact  with  the  mercury,  so 

gas  will  result,  without  any  change  of  as  to  exclude  all  air.    By  inclining  the 

volume.    If  the  mixture  be  made  in  a  tube,  a  bubble  of  the  gas  may  be  made 

stout  phial,  with  a  well- fitted  stooper,  to  pass  round  the  bend  towards  the  finger; 

secured  by  wrapping  a  cloth  round  the  and  upon  replacing  the  tube  in  the  per- 

neck,  and  exposed  to  the  direct  rays  of  pendicular  position,  the  larger  quantity 

the  sun,  the  combinatioD  will  take  place  will  stiU  be  in  the  upright  part,  and  a 
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snian  quantity  confined  between  the  when  this  salt  is  heated  in  a  retort,  with 
mercuiy  and  the  finger,  and  qnite  un-  yerv  weak  muriatic  acid,  a  gas  may  be 
connected  with  the  former.  This  qnan-  collected  over  mercury :  but  as  it  is  very 
tity  may  thus  be  conveniently  experi-  apt  to  explode,  the  application  of  a  naked 
mented  upon .  flame  to  the  retort  should  be  avoided,  and 

i§  87.)  Muriatic  acid  gas  b  colour-  the  heat  is  best  applied  by  the  medium 
less»  of  a  very  pungent  smell,  and  in-  of  water.  It  differs  very  materially  from 
tensely  acid  taste.  chlorine. 

Its  attraction  for  water  is  so  great,       ($  89.)  Its  colour  is  much  deeper,  and 
that  when  a  little  of  it  escapes  into  the   is  of  a  brighter  yellow  tint :  its  smell  is 
air,  a  white  cloud  is  instantly  formed   intermediate  between  that  of  burnt  sugar 
by  its  combining  with  the  atmospheric   and  chlorine. 
steam.  It  explodes  by  the  application  of  a 

It  extinguishes  flame  and  is  incom-  very  gentle  heat,  not  exceeding  that  of 
bustible.  the  hand,  and  is  decomposed.     Five 

It  instantly  reddens  blue  vegetable  volumes  become  expanded  to  6,  con- 
oolburs.  sisting  of  a  mixture  of  chlorine  and  oxy- 

It  has  been  reduced  to  a  liquid  state  gen,  in  the  proportions  of  4  of  the 
by  a  pressure  amounting  to  that  of  40  former  to  2  of  the  latter ;  the  oxygen 
atmospheres.  in  the  compound  being  condensed  into 

Water,  at  the  temperature  of  40^,  will   half  its  bulk.    These  proportions  prove 
absorb  of  it  about  480  times  its  volume,    that  it  is  a  compound  by  weight  of 
and  thereby  increases  its  bulk.    The       1  equivalent  of  chlorine     .      .    36 
solution  is  commonly  known  by  the  name       1      ditto  oxygen      .     .      8 

of  muriatic  acid,  and  is  largely  employed  — 

for  chemical  pui*poses.    It  may  be  pre-  Its  number  therefore  is    .    44 

pared  by  passmg  the  gas,  produced  as  — 

above,  unmediately  into  water;  or  by  It  may  be  called  the  protoxide  of  chlorine, 
addmg  a  sufficiency  of  water  to  the  sul-  Water  dissolves  eight  or  ten  times  its 
phuric  acid  in  the  hrst  instance,  and  then  bulk  of  this  gas,  and  takes  an  orange 
distiHing.  The  solution,  when  pure,  is  tint,  but  it  does  not  act  upon  mercury, 
perfectly  colourless,  and  it  possesses  all  It  discharges  all  vegetable  colours. 
the  acid  properties  and  smell  of  the  gas.  Phosphorus  upon  being  plunged  into  it 
Its  specific  gravity  is  greater  than  that  takes  fire,  and  causes  it  to  explode. 
of  water,  and  when  it  amounts  to  1.920  It  may  be  mixed  with  hydrogen,  and 
(water  being  considered  1. 00)  100  parts  exploded  by  the  electric  spark,  and  mu- 
contain  28.3  of  real  acid.  riatic  acid  and*water  are  the  products. 

When  muriatic  acid  is  brought  into  .,         ^     ^  /^ut    •         /.o 

contact  with  some  oxides,  they  part  with  Peroande  of  CMonne,-'68. 

a  portion  of  their  oxygen,  which  forms  (1  C.  36+4  O.  32.) 

water  with  its  hydrogen,  and  chlorine  is  (J  90.  )Anothkr combination  of  chlorine 
evolved :  it  is  thus  that  the  process  pre-  and  oxygen  may  be  obtained  by  operating 
viously  described  (§  83)  for  obtaining  upon  cAlorate  of  potash  with  sulphuric 
chlorine  with  oxide  of  manganese  may  acid:  50  or  60  grains  of  the  salt  in  po'w- 
be  explained.  der  may  be  mixed  with  stron)3|  sulphuric 

The  muriatic  acid  is  the  only  known    acid  into  a  paste.     The   mixture  will 

compound  of  chlorine  with  hydrogen.        assume  a  bright  orange  colour.    It  may 

_,  _  be  placed  in  a  small  retort,  or  bent  tube. 

Chlorine  and  Oxyobn.  ^^iviYi  should  be  immersed  in  water,  and 

Protoxide  of  Chlorine.-^44,  gently  heated,  taking  care  to  keep  it 

(I  C.  36+ 1  O.8.)  under  212°,  or  the  boiling  point.    A  gas 

C}  88.)  Chlorine  and  oxygen  have  but   will  be  given  off,  which  mav  be  received 

a  feeble  affinity  for  each  other ;  but  four    over  mercury,  on  which  it  has  no  action 

distinct  compounds  of  the  two  elements    at  common  temperature. 

may  be    obtained  bj;   indirect  means.       (}  91.)  Its  colour  is  also  yellow,  but 

They  are  never  found  in  nature,  and  are    brighter  than  that  of  the  protoxide,  and 

subjects  of  instruction  and  curiosity  ra-    it  is  still  more  rapidly  absorbed  by  water. 

ther  than  of  use  in  the  arts.  The  solution  is  deep  yellow,  and  its  taste 

There  is  a  salt  to  which  we  have  before  not  sour,  but  strongly  astringent  and 
referred  (}  36),  and  the  formation  of  disagreeable :  it  is  decomposed  by  the 
which  will  be  hereafter  described,  known  action  of  light  The  smell  of  this  gas  is 
by  the  name  of  cMoraie  of  potash:   peculiar  and  aromatLC»aud<v^vUd\t&.\^\^ 
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from  that  of  chlorine.  It  explodes  with 
great  vi(tlence  if  heated  to  a  tempe- 
rature above  114°,  and  its  volume  is 
thereby  increased  by  one-half.  The  pro- 
ducts are  chlorine  and  oxygen,  in  the 
proportions  of  1  volume  of  chlorine 
to  2  of  oxygen.  It  is,  therefore,  com- 
posed of 

1  equivalent  of  chlorine  ...  36 

4  ditto  oxygen     ...  32 

and  its  number  is       68 

It  may  be  called  the  peroxide  of  chlorine. 
Phosphorus  spontaneously  ignites  in  it, 
and  causes  it  to  explode. 

Chloric  Acid.—ie.  (1  C.  36  +  5  0. 40.) 

($  92.)  Thb  combination  of  clilorine 
with  a  further  proportion  of  oxygen 
constitutes  an  acid,  which  may  be  ob- 
tained by  decomposing  a  salt,  wnich  will 
be  hereafter  described,  called  chlorate 
of  barytes,  by  elective  affinity  with  dilute 
sulphuric  acid.  Great  care  must  be 
taken  not  to  use  an  excess  of  sulphuric 
acid ;  which  may  be  dropped  into  a  solu- 
tion of  the  chlorate  in  water,  as  long  as 
any  white  precipitate  a^ears.  The  clear 
liquor  which  remains,  after  the  process 
is  complete,  should  be  cleansed  from 
the  sediment ;  it  consists  of  a  solution 
of  chloric  acid  in  water.  It  may  be 
concentrated  by  careful  evaporation  till 
it  acquires  an  oily  consistency. 

({  93.)  It  is  colourless ;  its  taste  acid 
and  astringent ;  and  its  smell,  when 
warmed,  pungent.  It  reddens  the  colour 
of  l)lue  vegetables.  The  chlorio  and 
muriatic  acids  decompose  each  other, 
and,  if  mixed  in  prosier  proportions, 
they  are  each  resolved  into  chlorine  by 
the  union  of  the  oxygen  and  hydrogen, 
with  which  they  are  severadlv  combined* 
Chloric  acid  is  composed  of 

1  equivalent  of  chlorine  ...  36 

5  ditto         oxygen    .    .    .40 

and  its  number  is       .... 


Chlorine  and  Nitrogen. 

Chloride  of  Nitrogen, — 158. 

(4  C.  144  +  1  N.  14.) 

({i  95.)  Chlorine  and  nitrogen  have 
but  a  very  slight  affinity  for  each  other  \ 
but  they  piay  be  obtained  in  Hnion  by 
passing  chlorine  through  a  solution  of 
nitrate  of  ammonia  at  a  tempei-ature  of 
about  90°.  The  chlorine  is  rapidly  ab- 
sorbed, and  an  oilv  film  appears  on  the 
surface  of  the  sofution,  which  coUeots 
into  yellowish  drops,  and  t^nks  to  the 
bottom  of  the  vessel. 

{^  96.)  This  oily  liquid  is  the  most 
powerfully  explosive  compound  known, 
and  should  not  be  experimented  upon  in 
quantities  \fir^<a  than  a  grain  of  inus« 
tard-seed ;  and  even  then  it  should  be 
handled  with  extreme  caution*  Its  spe- 
cific gravity  is  1.653,  and  it  does  not 
become  solid  at  great  degrees  of  arti- 
iioial  cold.  At  a  temperature  of  al>out 
200^ it  explodes ;  lut  the  mere  contact 
of  some  combustible  substances,  at  or- 
dinary temperatures,  causes  it  to  deto- 
nate. When  a  globule  is  thrown  into 
olive  oil,  or  turpentine,  it  explodes  so 
violently  as  to  shatter  any  glass  vessel. 
Tlie  pnxlucts  of  its  decomposition  are 
chlorine  and  nitrogen,  and  its  compo- 
sition has  been  inferred  to  be 

1  equivalent  nitrogen     ...     14 
4      ditto       chlorine      .    .    .144 


making  its  number 


158 


76 


Perchloric  Acid, — 100. 
(1  C.  36-1-8  0.64.) 

(}  94.)  A  COMPOUND  of  chlonne,  with 
a  further  proportion  of  oxygen,  has 
been  discoverecl,  but  very  little  examined. 
It  has  been  obtained  in  the  state  of  an 
acid  liquor,  and  has  been  called  per- 
chloric acid.  It  is  supposed  to  be  com- 
posed of 

1  equivalent  chlorine  ....  36 
8      ditto       oxygen         .     .       64 


making  its  number 


100 


(§  97.)  The  name  of  clUoride  of  ni- 
trogen has  been  given  to  it ;  the  che- 
mical nomenclature  conferring  the  ap- 
pellation of  cfdoride  upon  the  combi- 
nations of  chlorine  witn  all  bodies  ex- 
cept oxygen,  which  have  not  acid  pro- 
perties :  and  as  the  analogous  com- 
pounds of  oxygen,  when  in  more  than 
one  proportion,  are  distinguished  by 
prefixing  the  Greek  numerals,  so  the 
chlorides  of  different  proportions  are 
called />ro/o-chloride.  (i^i</o*  chloride,  &c. 

Chapter  III. 

On  the  Non^metallic  Volatile  Elements 
Bromine^  Iodine^  Sulphur,  Phospho- 
rue,  and  Selenium ;  and  their  Bintjacy 
Compounds, 

<§  98.)  The  principal  object  of  all  ar- 
rangement in  science  is  to  assist  the 
memory  in  acquiring  and  recalling  a 
knowledge  of  the  phenomena  of  nature; 
and  that  arrangement  is  best  which 
most  completely  fulfils  this  primary  de- 
sign.   With  this  view  we  have  idbready 
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divuled^lieiimlecQippoundedsubslaneiea  modem  research,  constitutes  the  foun- 

into  two  classy,  yiz.  the  electro- nega-  dation  of  the  science.     The  chemical 

five  and  the  fkctro-poisitiYe ;  hut.  Tor  compounds  with  which    we    are  sur- 

further  convenience,  theae  it  is  neces-  rounded,  and  particularly  the  products 

sary  ai;;am  to  suhdivide ;  especially  as  of  organization,  are  of  a  very  intricate 

the  first  class  contains  oiily  four  known  nature,  and  a  knowledge  of  their  con- 

and  one  hypothetical  (coiyectural)  body,  stitution  is  most  easily  obtained  by  stu- 

the  existence  of  which  inquires  fo  oe  dying  the  properties  of  the  elements, 

established  by  further  proof.    We  have,  and  ascending  oy  the  more  simple  com- 

therefore,  formed  one  groi^pe  of  those  ele-  binations  to  the  most  complex.    A  large 

ments  which  always  assum^  the  gaseous  proportion,  however,  of  the  elementary 

form. under  the  coiqmon  circumstances  substances  are,  as  we  have  before  men- 

of  atmpspheric  temperature  and  pres-  tioned,  of  very  rare  occurrence,  even  in 

sure.    Or  these,  two  belong  to  the  elec-  a  state  of  composition ;  and  we  would 

tro-qegative  and  two  to  the  eleotro-ppsi-  guard  any  one  from  the  error  of  sup- 

tive  class,  and  their  properties  we  nave  posing  that,  because  he  may  not  have 

examined,  and  their  combinations  with  an  opportunity  ofexamining  these  scarce 

each  other.  substances,  a  serious  obstacle  is  thrown 

We  shall  now  proceed  to  describe  in  the  way  of  his  advancement ;  for  we 

five  other  simple  substances  :  the  first  again  afiirm,  that  such  a  sotmd  practical 

of  which  assumes,  at  common  atmo-  knowledge  of  the  science,  as  every  one 

spheric  temperature,  the  form  of  a  liquid,  ought  to  acouire,  may  be  attained  by  a 

and  tlie  others  of  solids  ;  but  all  as^ee  well-direct eu  study  of  the  commoner 

in  t)eing  volatile  *  or  in  rising  in  vapour  elementary  principles, 

by  the  application  of  a  moderate  degree  Bromine,  as  well  as  the  next  object 

o!  heat :  they  are  all,  likewise,  non-con-  of  our  investigation  Iodine,  have  only 

ductors  of  electricity,  and  bad  conduct-  been  very  lately  discovered  ;  and  they 

ors  of  heat.    Tiiese  have  been  called  belong  to  that  class  of  substances,  with 

bromine,  iodine,  svilphur,  phosphorus,  whose  use  in  the  economy  of  nature  we 

and  deltniCim.  'Ihe  first  two  are  evolved  are  at  present  totally  unacquainted,  and 

from  their  respective  compounds  (ex-  which  nave  not  yet  been  applieii  to  any 

cept  with  oxygen  and  chlotine)  at  the  practical    purpose :    nevertheless,  tliey 

positive  pole  of  the  voltaic  pile  ;  and  are  objects  of  the  greatest  interest  to 

with  oxygen  and  chlorine,  and  that  other  the  chemist;    and  the  study  of  their 

substance  whose  existence,  as  we  have  properties  is  particularly  instructive,  on 

said,  has  been  rather  inferred  from  angr  account  of  the  analogy  which  subsists 

i(«y  than  proved,  complete  the  number  between  them  and  chlorine, 

ofthc  electro-negative  elements.  (§  1 UO.)  Bromine  has  been  obtained 

Bromine  • 75  ^"  ^^^  small  quantities  from  sea-water 

,«  „ft  >  rk  f  »u  '  *  *  .u  .  »nd  the  ashes  of  sea-weeds. 
(§  99.)  Onb  of  the  sources  of  the  great-  if  to  a  lixivium  (washings)  of  the 
est  discouragement  to  those  who  take  latter,  or  to  the  residual  liquor  of  salt- 
but  a  hasty  view  of  the  science  of  che-  p^ns,  in  which  sea-water  has  been  eva- 
mtstry,  and  a  cursory  glance  at  chemical  porated  for  the  purpose  of  obtaining 
systenw,  is  the  number  of  new  substan-  common  salt,  a  solution  of  chlorine  in 
ces  and  unusual  names  with  which  they  ^ater  be  added,  a  deep  yeUow  colour 
are  perplexed  at  Ihfc  first  outset  of  their  and  a  peculiar  odour  will  be  produced, 
inc^uines.  The  forms  of  matter  with  By  distillation  and  passing  the  vapour 
which  they  are  first  presented,  are  not  over  a  salt,  called  muriate  of  lime, 
those  with  which  they  are  most  familiar;  which  detains  the  watery  part,  a  few 
and  as  they  do  not  at  once  see  tlie  drops  may  be  =obtained  of  a  red  colour, 
practical  application  of  the  knowledge  very  volatUe  and  filling  the  receiver 
thus  submitted  to  them,  they  are  apt  ^jth  vapours  like  those  of  nitrous  acid: 
impatiently  to  give  up  the  pursuit.  The  ^r,  after  passing  chlorine  mto  the  above- 
fact  undoubtedly  is,  ttiat  a  knowleilge  of  named  hxivia,  they  may  be  shaken  up 
these  elementary  substances,  very  few  ^jth  some  ether,  which  wiU  dissolve  the 
of  whwh  are  presented  to  us  in  nature  bromine ;  from  which  it  will  acquire  a 
in  their  simple  state,  or  even  in  their  hyacinth  tint,  and  float  upon  the  sur- 
binary  combinations,  and  a  consider-  f^Jce.  Upon  agitating  this  solution  with 
able  number  of  which  are  the  fruits  of  caustic  potash,  it  immediately  yields  up 
TZ      .  n-.!,     ^    •     ,       i!      !       T'  the  bromine  to  it ;  arid  the  process  may 

•  From  »  Oraek  word,  •iguifYing  "  a  strong  di*-  ,                 a  j      -ii.  1.1                 ^4U««.   an^ 

i«ftMM«  odour.*'                '  be  repeated  with  tlw  same  ether :  ana 
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thus  by  alternately  vising  the  ether  and  nation  ensues  in  the  ncinity  of  the  heated 
potash,  the  new  substance  may  be  sepa-  body,  but  not  with  explosion.  A  colour- 
rated  from  a  large  portion  of  water,  less  gas,  possessed  of  acid  properties,  it 
The  bromine  is  extracted  from  the  pot-  thus  generated,  and  it  has  beea  distin* 
ash,  by  treating  it  with  sulphuric  acid,  guished  by  the  name  of  hydro-bromic 
diluted  with  half  its  weight  of  water,  acid. 

and  oxide  of  manganese;  in  an  analogous       It  is  rapidly  absorbed  by  water,  bat 

way  to  that  by  which  chlorine  is  ob-  may  be  preserved  over  mercuiy.     It 

tained  from  sea  salt — (§  83.)      It  is  may  be  abundantly  produced  from  a 

given  off  by  distillation  in  red  vapours,  mature  of  bromine  and  phosphorus, 

which  condense  into  blackish  red  drops  slightly  moistened.    It  proouces  dense 

in  the  receiver,  which  should  be  kept  wmte  vapours  in  the  air  from  its  com- 

cool.  bination  with  the  steam,  and  it  possesses 

(§101.)  Bromine  is  a  fluid  of  a  hya-  a  strong  irritating  odour.    The  solution 

cinth-red  coloiu-,  when  viewed  by  light  in  water  is  colourless,  and  possesses  the 

transmitted  through  thin  strata,    At  a  principal  properties  of  the  gas. 
temperature  a  few  degrees  below  0°  it        The  hj^dro-bromic  acid  is  decomposed 

suddenly  congeals  and  is  very  brittle,  by  chlorine,  which  combmes  with  its 

Its  odour  is  extremely  disagreeable  and  hydrogen,  forming  muriatic  acid,  and 

intense ;  its  taste  unpleasant  and  very  the  bromine  is  set  free, 
powerful.     It  corrodes  the    skin  and        The  decomposition  of  hydro*bromie 

colours  it  yellow,  but  not  permanently ;  acid,  by  substances  which  combine  with 

it  is  very  poisonous ;   its  specific  ^-  its  bromine,  affords  half  the  volume  of 

vity  is  nearly  3  ;  it  is  veiy  volatile ;  pure  hydrogen.     Hence  its    composi- 

gives  off  red  vapours  at  common  tern-  .tion  is 
peratures,  and  boils  at  116^.5.  1  equivalent  of  bromine      .    .     75 

A  taper  will  not  bum  in  its  vapour,        1  ditto  of  hydrogen    ....      i 
but  it  {dters  the  tint  of  the  flame  in  air.  — 

It  is  soluble  in  water,  alcohol,  and  and  its  equivalent    .    .     76 

particularly  in  ether.  — 

It  does  not  redden,  but  destroys  the  It  is  therefore  analogous  in  its  compo^ 

colour  of  litmus,  and  «ven  of  indigo.  sition  to  muriatic  acid. 

Brominb  and  Oxyqbn  Bromine  and  Chiorinb. 

BromicAcid.^U5.    (1  B.75+5  O.40.)  Chloride  of  Bromine. 

(}  102.)  Bromine  may  be  obtained  in  <}  104.)  By  passing  chlorine  through 

union  with  oxygen,  in  the  form  of  an  bromine,  and  condensing  the  vapours 

acid,  by  adding  sulphuric  acid  to  a  solu-  which  arise  at  a  low  temperature,  a 

tion  of  a  salt,  which  will  be  hereafter  reddish-yellow   fluid  may  be  obtained 

described,  called  Bromate  of  Barvtes,  as  with  a  very  penetrating  odour  and  dis- 

as  long  as  any  precipitate  is  produced.  agreeable  taste.     It  is  very  fluid  and 

Bromic  acid  in  solution  has  scarcely  volatile.      Metals  in   a    finely-divided 

any  odour,  but  possesses  an  acid  taste  state  take  fire  in  its  vapour.    The  solu- 

aiid  reddens,  and  gradually  destroys  the  tion  of  this  compound  in  water   has 

blue  colour  of  litmus.    It  is  probably  a  strong  bleaching  powers. 

''T^JSrv'llent  of  bromine      .    .    75  Iodine  ♦.-124. 

5  ditto  of  oxygen       ....    40  ($  105.)   Iodine  is  another  undecom 

pounded  substance,  which  has  lately 

and  its  number     •    .    .    115  been  extracted  from  the  ashes  of  sea 

weeds,   or  the  substance    called  kelp. 

It  is  therefore  similar  in  its  nature  to  which  is  largely  produced  on  the  western 

the  chloric  and  nitric  acids.  coasts  of  Scotland,  and  used  for  making 

T>  .«^  Ti„^„^^„^  soap.      Its  discovery  preceded  thatw 

Bromine  and  Hydroobn.  bromine,  and.  like  it,  ite  properties  bear 

HydrO'hromic  Acid,— 7^.  a  strong  analogy  to  those  of  chlorine. 

(1  B.  75  +  1  H.  1.)  It  is  a  very  remarkable  fact,  although 

(}  103.)  Hydrogen  mixed  with  the  va-  no  useful  inference  has  yet  been  drawn 

pour  of  bromine,  and  exposed  to  the  from  the  remark,  that  the  three. most 

light  of  the  sun.  undergoes  no  change ;  electro-negative  bodies,  next  to  oxygen, 

but  on  introducing  a  lighted  candle,  or , 

a  red-hot  iron  into  the  mixture,  COmbi-        •  From  aOreek  word  sigmfring  **  Yiolet-ooloai^" 
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eonneoted  as  they  likewise  are  by  com        ($  108.)  It  is  a  white  semi-transparent 

mon  properties,  exist  almost  exclusively  solid,  without  smell,  but  with  a  strong 

in  the  ocean  and  its  immediate  produc-  astringent,  sour  taste.    It  may  be  called 

tions.  iodic  acid. 

The  soluble  part  of  kelp,  or  the  ashes        It  is  decomposed  by  heat,  and  the  sole 

of  sea-weeds  dissolved  in  water,  afford  products   are  iodine  and  oxygen:    13 

upon  evaporation  a  salt  called  carbonate  grains  afford  9.25  cubic  inches  of  the 

of  soda;   and  after  its  extraction,  an  latter  gas,  or  by  weight  3.15  grains, 

uncrvstallizable  residue  remains.  When  Hence  it  is  composed  oT 
fulpnuric  acid  is  poured  upon  this,  in  a        1  equivalent  of  iodine        .        124 
tetort  furnished  with  a  receiver,  beauti-       5  ditto  of  oxygen       .        •         40 
ftil  violet  vapours  make  their  appearance,  -— — 

which  are  condensed  in  crystallme  plates  and  its  number  is       •        164 

of  the  colour  and  lustre  of  plumbago  

(commonly  known  as  black  lead).  These        Its  composition  is  therefore  analogous 

crystals  may  be  collected  and  dried  be-  to  that  of  chloric  acid.    It  is  soluble  in 

tween  folds  of  blotting-paper.    The  ad-  water,  and  its  solution  first  reddens,  and 

ditioa  of  a  small  quantity  of  oxide  of  then  destroys,  blue  vegetable  colours. 
manganese  facilitates  the  process  of  ex-        Iodic  acid,  when  mixed  with  charcoal* 

traction  sugar,  sulphur,  and  other  combustible 

($  106.)  Iodine,  thus  obtained,  is  a  bodies,  detonates  upon  the  application 

solid,  at  the   ordinary  temperature  of  of  heat.    The  solution  corrodes  all  me- 

the  atmosphere,  in  the  shape  of  scales  tals,  and  even  acts  upon  gold  and  pla- 

or plates  of  regular  forms.    Its  colour  tinum. 
is  dark-grey ;  and  it  possesses  a  metallic 

lustre.    It  is  soft  and  friable,  and  may  Iodine  and  Chlorinb. 

easily  be  rubbed  to  a  fine  powder.    Its  ($  109.)  Iodinb  absorbs  chlorine,  and 

taste  18  hot  and  acnd,  but  it  is  very  fonns  with  it  an  acid  solid  compound,, 

sparingly  soluble  in  water.    It  is  poison-  whose  nature  is  not  yet  perfectly  under- 

ous  m  large  doses,  but  has  been  used  in  stood. 
medicine.    At  60^  of  Fahrenheit,  it  is 
nearly  five  times  as  heavy  as  water.    It  Iodinb  and  Hydroobn. 

225^  and   assumes  the    elastic  form,  (JHO.)  When  iodine  is  heated  in  hy- 

under  the  pressure  of  the  atmosphere,  drogen  gas,  an  expansion  of  volume 

at  about  350*^.    In  this  state,  when  it  is  ^^^^^  V}^^  I  an  acid  gas  is  formed  which 

of  a  beautiful  purple  colour,  it  is  124  »  rapidly  absorbed  by  water,  and  is 

times  heavier  than  hydrogen ;  and  as  it  ^^^  "PO"  by  mercury  so  readily,  that 

combines  with  that  element  in  equal  it  cannot  be  long  preserved  over  that 

volumes,   this  number  represents  the  metal.    • 

weight  of  its  combining  proportion,  or       The  same  gaseous  compound  is  pro- 
equivalent,  duced  in  abundance  by  the  action  of 


soluble 

beautiful , 

may  thus  be  detected  in  veiy*^  minute  hydrogen  with  the  iodine.    The  nuxture 

proportions.  may  he  distilled  in  a  retort,  and  the  gas 

T                    rk  received  into  a  vessel  filled  with  common 

Iodinb  and  Oxygen.  ^ir,  which,  by  a  proper  arrangement,  it 

lodtc  Actd.'^ie^.   (1  1. 124+5  O.40.)  will  expel  by  its  superior  gravity.    It 

(^  107.)  Iodinb  is  not  altered  by  being  has  been  called  hydriodic  acid, 

heated  in  oxygen  gas;  but  when  it  is  ($111.)  The  gas  is  colourless  ;  has  a 

exposed  to  protoxide  of  chlorine  ($  88),  very  sour  taste,  and  pungent  odour,  and 

wnich  holds  this  element  by  a  very  slight  reddens  blue  vegetame  colours,  without 

attraction,  there  is  an  immediate  action ;  ultimately  bleaching  them, 

its  colour  changes  to  a  bright  orange.  It  is  decomposed  by  mercury,  which 

and  a  liquid  is  formed.    By  the  applica-  unites  with  the  iodine,  and  leaves  half  the 

tion  of  a  gentle  heat,  an  orange  com-  original  volume  of  pure  hydrogen ;  it  is 

pound  of  iodine  and  chlorine  is  evapo-  therefore  a  compound  of  equsu  volumes 

rated,  and  a  compound  of  iodine  and  of  iodine,  in        elastic  state,  and  hy- 

ozygen  remains.  drogen. 
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portion,  19  per  cent,  as  in  the  add  of  phur  in  hydrogen  gas,  a  combination  be« 

the  specific  gravity  1 .  85.  tween  the  two  elements  takes  place,  with- 

'     -        «  ,  t  ^    J     o^  o"*  change  of  volume;  and  a  gas  it 

Hypo- Sulphurous  Actd.'^24.  formed,  to  which  the  name  of  sulpha: 

(1  S.  16  +  1  O.  8.)  retted  hydrogen  has  been  given.   It  may 

((  1 20.)  Whbn  iron  filings  are  digested  be  produced  in  abundaiKe,  by  actinf^ 

in  a  solution  of  sulphurous  acid,  they  upon  sulphuret  of  iron  (which  may  be 

are  dissolved  without  effervescence ;  the  formed  by  melting  together  sulphmr  and 

iron  takes  half  the  oxygen  from  the  iron  fiUngs)  with  sulphuric  acid.    It  is 

sulphur,  and  an  acid  is  formed  with  quickly  absorbed  by  water,  but  may  be 

the  other   half,    which  combines  and  collected  in  glass  bottles  filled  with  that 

forms  a  salt  with  the  oxide  of  iron  so  liquid,  and  provided  with  glass-stoppers, 

produced.  which  must  be  inserted  the  moment  they 

This  acid  has  been  called  the  hypo-  are  filled  with  the  gas. 
sulphurous,  upon  the  principle  of  no-        ($  123.)  It  is  colourless  and  transpa- 

menclature  before  explained  (}  60.)    It  rent.    Its  smell  is  veiy  offensive,  and 

cannot  be  exhibited  in  a  separate  state ;  resembling  that  of  putrijying  ^gs,  or  the 

for  at  the  moment  of  Quitting  the  base  washings  of  a  foul  gun- barrel ;  its  taste 

with  which  it  is  united,  it  is  resolved  is  acid. 

into  sulphurous  acid  and  sulphiu*.    It  is       It  is  highly  poisonous,  and  a  horse  has 

a  compound  of  been  known  to  perish  in  an  atmosphere 

1  equivalent  of  sulphur  .    16  which  contained  no  more  than  1 -SSOth 

1  ditto  of  oxygen   ...      8  part  of  it 

—  It  is  inflammable ;  and,  like  hydrogen, 
and  its  number  is  .    .    .    24  bums  either  silently,  or  with  exploaon. 

-^  according  to  the  circumstances  of  its 

Hypo.  Sulphuric  Aiid.--12.  "^^^^  w^^}?  ^^y?^"' ,  ^j.  instantly  ex- 
/o  o  oo.«o  An\  tmguishes  all  burning  bodies. 
(2  S.  32  +  5  O.  4 0.)  Yj  tarnishes  silver,  gold,  and  mercury, 
(§  121.)  By  passing  sulphurous  acid  and  blackens  white  pwnt  made  with  pre- 
through  water,  m  which  finely-pounded  parations  of  lead.  Its  solution  in  water 
peroxide  of  manganese  is  suspended  by  acquires  the  taste  and  peculiar  smell  of 
agitation,  the  percxide  yields  part  of  its  the  gas,  and  reddens  blue  vegetable  co- 
oxygen  to  the  acid,  and  converts  one  lours.  Some  mineral  waters,  as  those  of 
portion  into  sulphuric  acid,  and  another  Harrogate,  are  impregnated  with  tb^ 
into  a  peculiar  acid,  which  has  been  gas.  Two  measures  of  sulphuretted  hy- 
called  the  Aj^po-sulphuric.  The  process  drogen  require  three  of  oxygen  for  their 
for  exhibiting  the  latter,  m  a  separate  complete  decomposition,  one  measure 
form,  IS  complicated,  and  we  shall  for  of  which  saturates  the  two  of  hydro- 
the  present  postpone  its  consideration,  gen.  and  the  other  two  tlie  sulphur; 
It  IS  obtained  in  a  liauid  form,  it  water  and  sulphurous  acid  are  the  pro- 
reddens  litmus  paper,  but  has  no  smell,  ducts. 

by  which  it  is  distinguished  from  sul-  Now,  100  cubic  inches  of  hydrogen 
phurous  acid ;  and  it  forms  soluble  salts  ^eigh  2.1 1  grains,  and  1 00  cubic  inches 
with  oxide  of  lead,  and  other  substances,  of  sulphuretted  hydrogen  36  grains ;  and 
whose  combinations  with  sulphuric  acid  as  the  sulphur  is  taken  up  by  the  hy- 
^®  Insoluble.  drogen  without  change  of  bulk,  if  we  dc- 
The  results  of  its  analysis  shew  it  to  duct  the  weight  of  the  latter,  the  re- 
be  a  compound  of  mainder  33.89  will  be  the  weight  of  the 

2  equivalents  of  sulphur   .  32  sulphur,  and  2.11  :  33.89  : :  1  :  16,  which 
5  ditto  of  oxygen     .    .     .40  makes  the  equivalent  of  sulphur,  as  we 

,      .  —  before  stated  (6  117)16. 

and  its  number  is    ...  72  it  follows  also  that  sulphuretted  hy- 

—  drogen  is  composed  of 
Sulphur  AND  Hydrogbn.  1  equivalent  of  sulphur    .     16 

Sulphuretted  Hydrogen,^\7.  ^        ^^*^         ^^)'ivogcxi       ji 

(1  S.  16  4- 1  II.  1.)  and  that  its  number  is    .     17 

(}  122.)  By  repeatedly  subliming  sul-  — 
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'  Bimlphuretied  Hf/drogen.^33.  Sulphtir  with  Brovinb  Ain>  Iodine. 

(2  S.  32  +  1  H.  1.)  (}  129.)  Sulphur  unites  directly  with 

t}  124.)  A  SECOND  combination  of  sul-  iodine  at  a  ^ntle  heat,  and  probably 

phur  with  hydrogen  is  known,  of  which  enters  into  a  similar  combination  with 

the  proportion  of  sulphur  is  double  that  bromine.      The    precise    composition, 

of  the  hust  compound.    It  may  be  pro-  however,  of  the  compounds  is  unknown, 

duoed  as  follows : — Boil  together  a  strong  The  iodide  of  sulphur  is  a  black,  ra- 

solution  of  potash  with  flowers  of  sul-  diated  solid,   easily   decomposable    by 

phur,  and  liradually  drop  the  product  heat :  the  iodine  rising  in  vapour  at  a 

mio  muriatic  ackl ;  a  small  quantity  of  temperature  but  little  above    that    at 

sulphuretted  hy<hx)een  will  he  given  off,  which  the  two  bodies  combine, 
and  an  oU-like,  aclhesive,  brown  fluid.  Phosphorus.- 12.  ? 

the  bitulphureited  hydrogen,  will  t9li 

to  the  bottom  of  the  vessel:   a  large  ($  130.)  Phosphorus  has  never  yet  been 

Qiiantitv  of  sulphur  will,  at  the  same  ^ound  m  nature  in  its  simple  form,  but 

hme,  hi  precipitated.  ^^V  ^  obtained  by  the  following  pro- 

(4  l-;5  I  Its  smeU  and  taste  greatly  cess,  the  explanation  of  which  wiU  be 

resemble  those  of  sulphuretted  hydro-  given  upon  a  future  occasion, 

gen:    it  is  inflammable,  and  gives  off  ^  Take  a  quantity  of  bones  that  have 

Simes   of    sulphurous  acid  during    its  been  calcined  (burnt  m  an  open  fire), 

combustion.     It  is  heavier  than  water,  ^^"f,»,*^^"3    *^  *  fine  powder,    aiid 

and  many  of  ifs  properties  are  analo-  J'^f  J  *^^™  for  two  or  three  days  with 

fous  to  those  of  aiids     It  may  be  de-  balf  their  weight  of  concenh-ated  sul- 

imposed  by  a  gentle  heat:  sulphuretted  phunc  acid;  adding  as  much  water  as 

hyd^  is  given  off,  and  sulphur  re-  may  give  the  mixture  the  consistence  of 

^J^  to  .  1  ^  ^^^^  paste.    At  the  expiration  of  the 

'  r%     ,„  tinie  twice  the  bulk  of  boiling  water 

Sulphur  and  Chlorine.  ^^^^  ^^  ^^-^^  ^^p  ^j^j^  .^^  l^^  ^^ 

Chiaride  of  Sulphur,— 52,  liquid  separated  by  filtration.  The  solu- 

II  S   16  -f  I  C  36.)  **on,  which  will  be  very  acid,  is  then  to 

^  \  -x  J    r  be  evaporated  to  the  thickness  of  syrup, 

(J  126.)  Sulphur  may  be  umted  di-  ^-^g^j  ^-^^^  one- fourth   its   weight  of 

rectly  with  chkwine,  by  passing  a  cur-  ^^arcoal  in  powder,  and  strongly  heated 

wit  of  the  giu  over  it  m  a  state  of  mimite  j„  ^^  earthen  retort ;  the  beak  of  which 

di\iiion,  and  at  a  gentle  heat     ren  ^^^^^  ^^  plunged  under  water.     The 

comes  very  intense.    A  large  quantity 
of  gas  will  escape  during  the  process, 
and  spontaneously  inflame  upon  passing 
the  two  bodies.  through  the  water  into  the  air,  and  the 

(J  127.)  Chlorkie  of  sulphur  is  a  pijosphorus  will  distil  over  in  drops, 
voUlile  fluid,  of  a  red  colour  by  re-  ^^^  congeal  in  the  water.  The  process 
fleeted  hght,  but  green  by  transmitted  j^  troublesome,  and  not  unaccompanied 
feht.  It  rises  in  vapour  at  a  tempo-  ^,.^1^  danger  in  unskUful  hands, 
rature  below  200°;  and  emits  fumes  (A  131.)  Phosphorus,  as  thus  ob- 
nhich  affect  the  eyes,  and  occasion  a  Gained,  is  a  soft  solid,  of  a  flesh-red 
ftow  of  tears.  Its  specific  gravity  w  ^Qio^r ;  but,  when  purified  by  a  second 
1.6.  It  docs  not  redden  the  colour  of  jj^t illation,  may  be  obtained  colourless 
dry  litmus  paper ;  b"*^?^'b®'^,?b**^®"^^5    and  perfectly  transparent.     Its  specific 

ity  is  1.77.  It  is  h"  " " 
le,  and  it  is  necessary 
Kiipnur  IS  prccipitauru,  •»i«'^»  *"-  — I— -  under  water  in  well-closeu  uuuies.  11 
is  found  io  consist  of  a  solution  of  ^^^  ^^  readily  cut  with  a  knife.  When 
niiuriatic,  sulphurous,  and  sulphuric  ^^.^  j^  carefully  excluded  it  melts  at  about 
acids.  In  this  process  the  water  is  de-  ^^^o^  ^nd  boils  at  550°  of  Fahrenheit, 
(omposed;  its  hydrogen  passing  to  the  j^  melting,  it  is  necessary  to  keep  it 
ihlonne,  and  forming  muriatic  acid  ;  ^j^jgj.  water,  to  prevent  it  from  bursting 
z,ntl  the  oxygen  to  the  sulphur,  with  ^^^^  flame.  It  may  be  set  on  fire  by 
which  it  forms  the  latter  acids.  friction,  as  is  commonly  known  from  the 

Sulphur  AND  Nitrogen.  phosphorus  bottles,  in  which  it  is  em- 

(5  12s )  There  is  no  known  compound    ployed  for  the  ourpose  of  oU^mtv^  v^ 
oi-  sihur  with  nitrogen.  stantaneous  hgk    It  ^s  ta^^\«^s.  wA 
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insoluble  in  water,  but  proves  highly  (§  133.)  I^ydro-phptphorous  acid  c^mits 

poisonous  when  taken  into  the  stomach,  a  disagree^tble  oqour*  and  yields,  when 

In  the  atmosphere,  it  emits  a  light  heated,  penetrating  white  vapours.    It 

gmoke  and  peculiar  smell,  nut  unlike  has  a  strong  tendency  to  unite  with  a 

that  of  garlic ;  and  a  prie  greenish,  very  further  proportion  of  oxygen,  which  it 

beautiful  light  arises  trom  it  in  the  dark,  absorbs  slowly  from  the  air,  and  be- 

This  is  owing  to  a  slow  combustion ;  and  poqies  converted  into  phosphoric  acid. 

if  a  stick  of  phosphorus  be  confined  in  The  investigation  of  the  composition  of 

a  jar  ftdl  of  common  air  over  water,  the  this  acid  is  one  of  considerable  difficulty ; 

wiiole  of  the  oxygen  will  gradually  dis-  but  the  most  probable  inference  from 

appear,  and  the  nitrogen  remain.    It  is  experiment  is,  that  it  is  constituted  of 

soluble  in  oils,  and  communicates  to  one  equivalent  of  phosphorus,  and  one 

them  the  property  of  shining  in  the  dark,  of  oxvgen,  an4  that  its  qumber  conse- 

In  pure  nitrogen  it  is  not  luminous  at  quently  is  20. 
any  temperature. 

There  are  some  doubts  with  regard  to  Phosphoric  Add, — 28. 

the  proportion  in  which  this  element  Qp  i^^gO.  16.) 
enters  into  combination ;  owing  to  some 

peculiar  difficulties  in  the  analysis  of  its  (^  134,)  "Wb  have  already  stated  (}  39) 

compounds.     Such  topics  of   contro-  that  phosphorus  burns  in  oxygen  gas 

versy  it  is  impossible  for  us,  as  we  have  with  a  splendour  which  the  eye  cannot 

before  stated,  to  enter  upon  in  a  work  bear.    Its  inflammation  also  in'  atmo- 

like  the  present ;  but  we  must  content  spheric  air  is  brilliant  and  violent.    la 

ourselves  with  giving,  in  this  and  simi-  each  case,  copious  white  vapours  are 

lar  instances,  that  explanation  of  the  produced,  which  fall  like  snow  to  the 

Ikcts  which  appears  to  us  the  l>est  sup-  bottom  of  the  vessel  in  which  the  experi- 

ported  by  the  evidence.  ment  is  conducted.    This  is  pure,  uilqr- 

PuosPHOBUS  AND  OxYOSN.  ^^^ous,  phosphoric  acid. 

PA/..»A/>w..io  j^^     OA  I*  ™*y  *l*o  ^  "O'*  convenienttf 

Phosp^us  Actd,^20.  ^^^^  ^^  ^j^^  ^^^j^^  ^f  phosphorus  on 

(I  P.  18  +  1  O.  8.)  nitric  acid.  Small  fragments  should  be 
H  132.)  Tbb  product  of  the  slow  cautiously  dropped  into  the  acid,  genf^ 
poiQbustion  above  described  is  a  mix^  heated  in  a  retort.  The  latter  is  deoon- 
iure  of  phosphorotM  and  phosphonc  posed;  the  action  is  very  violent,  and  a 
acids,  ana  may  be  obtained  by  placing  targe  quantity  of  deutoxideof  nitrogen  it 
two  or  three  sticks  of  phosphorus  disengaged,  a  portion  of  the  oxygen 
in  a  funnd  set  upon  an  empty  bottle :  with  which  it  was  previously  comlnned 
a  highly  acid  liquid  may  thus  be  col-  (6  71)  passing  by  elective  affinity  to  the 
Jected,  consisting  of  a  solution  of  the  phosphorus.  The  solution  obtained  by 
two  acids  in  the  water,  which  they  this  process  is  to  be  evaporated  to  dry- 
attract  from  the  atmosphere.  No  good  ness :  in  which  state  it  consists  of  phos- 
Srocess,  however,  is  known  by  which  phoric  acid,  united  with  a  proportion  of 
ley  may  be  separated ;  and  tne  pure  water.  Solid  phosphoric  acid  may  be 
phosphorous  acid  is  best  obtainea  by  united  with  water  in  any  proportion 
passmg  the  vapour  of  phosphorus  beyond  20  per  cent.;  but,  on  heating 
through  a  substance,  before  referred  to  the  solution  in  a  platinum  vessel,  the 
($  23),  called  corrosive  sublimate,  greater  part  of  the  water  may  he  ex- 
heated  in  a  g^s  tube.  The  liquid  pro-  pelled  :  the  residue  fuses  at  a  low  red 
duct  is  to  be  mixed  with  water,  and  neat,  and  concretes  on  cooling  into  a 
heated  till  it  becomes  of  the  consist-  kind  of  glass  to  which  the  name  of 
ence  of  syrup.  It  is  then  a  com-  glacial  phosphoric  acid  was  formerly 
pound  of  pure  phosphorous  acid  and  given.     It  volatilizes  unchanged  at  a 

?ater,   which  crvstaUizes   on  cooling,  high  temperature,  and  is  a  compound  of 
he  process  will  be  explained  hereafter.        3  equivalents  phosphoric  acid .    36 
When  phosphorus  is  heated  in  highly        1  ditto  of  water       .        .       '.      • 
rarefied  air,  a  white  powder  forms  upon  -— 

it,  which  is  volatile,  and  supposed  to  be  45 

the  phosphorous  acid  in  its  anhydrous  — 

state:  when  heated  in  the  open  air,  it        100  grains  of  phosphorus  have  been 

takes  fire,  and  it   readily  dissolves  in  found,  from  the  most  careful  experi- 

water*  to  which  it  communicates  an  ments,  to  condense,  by  the  first  process, 

intenveljr  sqwt  taste.^  135  grains  of  oxygen^  ?vhich  i«  to; 
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nearly  in  the  proportion  of  1^  )o  16,  further  port ipn  of  oxygen  at  its  expense, 

or  of  and  becomes  converted  into  phosphoric 

1  equivalent  phosphorus     •    •    12  acid  :  while  another  portion  unites  with 

8  ditto  oxygen        .        •        .16  the  hydrogen,    and  forms    the  proto- 

—  phosphuretted  hydrogen. 

28  ($  137.)  This  gas  is  colourless,  and 

—  possesses  a  very  disagreeahle  smell.     It 
It  is  1^  deliquescent  substance,  and  does  not  spontaneously  inflame  when 

dissolves  in  water,  with  a  hissing  noise,  brought  into  contact  with  atmospheric 

It  is  inodorous,  very  sour,  and  volatile  air ;  but  when  mixed  with  it,  or  pure  oxy- 

at  a  bright  red  heat.  gen,  it  detonates  violently  with  the  elec- 

The  acid  obtained  by  the  decomposi-  t^ic  spark,  or  when  heat  eel  to  300°  of  Fah. 

tion  of  lx)nes  for  the    manufacture  of  100  cubic  inches  weigh  about  29.5  grs. 

phosphorus,  as  above  described  ($  130),  One  part  of  it  in  volume  requires  two 

consists  of  phosphoric  acid,  which  in  parts  of  oxygen  for  its  complete  com- 

that  process  is  decomposed  by  the  char-  bust  ion ;   one  volume  of  which  unites 

coal ;  giving  up  its  oxygen  to  superior  with  the  hydrogen,  which,  in  the  com- 

afiinity,  at  a  high  temperature,  and  die-  pound,  is  condensed  into  half  its  bulk, 

engaging  the  inflammable  element.  and  the  remaining  volume  unites  with 

»«.r.^..^^*»&^w....  j^A     Qo  ^^®  phosphorus,  and  forms  phosphoric 

Hypoiffhosphorous  .lciA-32.  ^^^     ^^  constitution  therefore  is 

(2  P.  24  +  1  0.8.)  1  equivalent  phosphorus      •     12 

i&  135.)  A  third  compound  of  phos-  2       ditto      hydrogen    .     .      2 

pnorus  and  oxygen  may  be  formed,  by  — 

acting  upon  water  with  a  substance,  14 

herei3ter  to  be  described,  called  phoS'  — 

phurei  qf  baryies.    An  insoluble  preci-        The  condensation  of  the  two  volumes 

pitate  is  formed,  from  which  the  liquid  of  hydrogen  into  onei   may  be  shewn 

18  to  be  separated  by  filtration.    To  this  by  heating  sulphur  iti  this  gas  :  decom- 

solution  sulphuric  acid  is  carefully  added  position  ensues,  a   double  volume    of 

as  lonfi;  as  any  precipitate  is  formed.  The  sulphuretted  hydrogen  is  produced,  and 

sour  liquid  which  remains,  after  a  se-  a  combination  of  si^lphur  and  phospho- 

oond  filtration,  is  to  be  concentrated  by  rus  precipitated, 
evaporation,  when  a  viscous,  uncrys-         „       x.      .       ^^   .  rr  j 
tallizable,  acid  fluid  will  be  obtained,  to        Per-phosphuretted  Hydrogen,— U. 
which  the  name  of  hypo -phosphorous  (1  p,  J2  +  |  H.  1), 

acid  (§  60)  has  been  given.   Its  analysis 

proves  that  it  contains  less  oxygen  than  (}  '^8.)    A  second  compound  of  phos- 

the  phosphorous  acid,  and  that  it  is  phorus  and  hydrogen  may  be  obtained 

most  probably  a  compound  of  >"   *"«  following  manner:  — Into  five 

%  equivalents  of  phosphorus    .    24  Vf^^  ^^  ^**^'  P"^  ^^^  *,P*^  ®^  P^^'l 

1  d^tto  of  oxygen  •       •      9  phorus  cut  very  small ;  add  one  part  of 

'        '    .^  granulated  zinc,    and    three    parts  of 

32  strong  sulphuric  acid.    The  gas  will  be 

^^  disengaged    in    small    bubbles,    which 

^ .„     „„,.«^^»„  spontaneously  take  fire  as  they  reach 

PHOSPHORUS   AND   HYDBOOBN.  ^^  ^j^   ^^^  ^^^    ^^^    ^^  ^jf^    ^^j^^ 

Protophosphuretted  Hydrogen—U^  This  is  a  very   beautiiul    experiment. 

(IP.  12+2  H. 2).  The  K**  ™«y  8^1*0  he  obtained  by  boil- 

,c  IOC  X    i\r  4U        1  .i  u  ,A  ^  «u^-  ing  ph('Sphorus  in  a  small  retort,  with 

*U  "-^    ^^^"!?^',ot  ^^  '^d'-'^P'^*'''  a  Kot  solution  of  polash.  which  Should 

phorous  acid  (J  132)  u  heated  in  close  ^    j    .    gj,  y,^  ^^J^^^    The  neck  of  the 

vessels,  out  of  the  contact  of  the  anr.  a  „,ort  Ling  made  to  dip  into  a  small 

IS^^^nT.lJ'h.  fT'Z  tZ  TZ  bo^*!  filled  with  the  same  solution,  the 
ofk.  and  may  be  collected  m  the  usual  ^^ .   extricated,  gradually  ekpels 

!L'tL"'J![,.^i!!■p^?c,hf^„f*!:^^l.,±  tteUquidfrom  the  nil.  and  rnflames 

wrb.  about  one-eighth  of  its  volwne.  „hen allowed  to  escape  into  the  air;  or 
By  this  process,  the  water  m  the  hydro-  ^e  collected  in  small  quant  ties, 

phosphorous  acid  is  decomposed :  part      J        ^y    ,         ^      fill  J  with  th« 

of  the   phosphorus   combinei  with  a  ^^^^^    solution.     Some   caution    i.. 

jiH^uf'MiawUakauMfuuMwitiiu.ikw.  amuuUion^  and  at  toe  commcncemeat 


36 


CHElMieTRY. 


of  the  process,  it  should  be  generated 
very  slowly,  that  any  air  contained  in 
the  apparatus  may  not  be  too  suddenly 
decomposed. 

(}  139.)  Perphosphuretted  hydrogen 
is  a  colourless  gas,  possessing  a  highly 
ofPensive  smell,  resembling  that  of  gar- 
lic. It  is  very  slightly  soluble  in  water: 
100  cubic  inches  of  it  weigh  about  27.5 
grains. 

Its  most  peculiar  property  is  that  of 
spontaneously  in^aming  on  mixture 
with  air  or  oxygen  gas.  This  inflam- 
mation is  accompanied  by  a  very  beau- 
tiful appearance.  After  the  explosion, 
a  circular,  horizontal  ring  of  dense  white 
smoke  rises  in  the  air,  which  preserves 
its  form  for  a  long  time,  and  increases 
its  diameter  as  it  ascends.  Phosphoric 
acid  and  water  are  the  products  of  its 
combustion.  It  deposits  phosphorus 
when  allowed  to  stand  some  time  in  a 
glass  receiver,  and  may  be  resolved  into 
its  elements  by  passing  through  it  a 
succession  of  electric  sparks  :  phos- 
phorus is  precipitated  and  an  equal  bulk 
of  pure  hydrogen  remains. 

If,  therefore,  from  the  weight  of  100  cu- 
bic inches  of  perphosphuretted  hydrogen 
27 . 5  grains,  we  deduct  the  weight  ot  an 
equal  bulk  of  hydrogen,  2 . 1  grains, 
($  41),  the  remainder  25.4  will  be  the 
weight  of  the  phosphorus  in  the  com- 
pound :  which  is  very  nearly  in  propor- 
tion of  the  two  equivalents 

1  equivalent  phosphorus  .    12 
1       ditto      hydrogen  .   .      1 


13 


When  sulphur  is  heated '  in  this  gas  an 
equal  volume  only  of  sulphuretted  hy- 
drogen is  the  result. 

Phosphorus  and  Chlorine. 

ProtO' chloride  of  Phosphorus, — 48. 
(i  P.  12  +  1  C.  36). 
($  140.)  We  have  already  stated  (§  132) 
that,  by  passing  the  vapour  of  phos- 
phorus over  corrosive  sublimate  heated 
jn  a  glass  tube,  a  liquid  product  is  ob- 
tained :  this  is  a  combination  of  phos- 
phorus and  chlorine. 

(}  141.)  It  is  transparent  and 
colourless,  of  the  speciiic  gravity  of 
1.45.  It  does  not  affect  the  colour 
of  dry  litmus  paper;  but  the  fumes, 
which  it  gives  off  in  abundance,  are 
acid,  owing  to  the  contact  with  the 
moisture  of  the  atmosphere.  It  acts 
energetically  upon  water ;  the  hydrogen 
pombining;  )ivith  the  chlorine  and  form- 


ing muriatic  acid,  and  the  oxygen  with 
the  phosphorus,  by  which  the  phos* 

Shorous  acid  is  produced  as  before 
escribed  ($  132)  ;  in  which  process  the 
muriatic  acid  is  driven  off  by  heat,  and 
pure  phosphorous  acid  remains. 

From  tne  most  careful  experiments 
it  appears,  that  the  proto-cnloride  of 
phosphorus  is  a  compound  of 

1  equivalent  phosphorus  •    1 2 
1      ditto      chlorine    .    .   36 
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Per-chloride  of  Phosphorus. 
(1  P.  12+2  C.  72.) 

(§  142.)  When  phosphorus  is  intro* 
duced  into  chlorine  it  inflames  sponta- 
neously, and  burns  with  a  pale  flame. 
The  product  is  a  white  solid,  which 
condenses  upon  the  sides  of  the  vessel 

($  143.)  It  is  volatile  at  a  tempera- 
ture below  212°;  but  may  be  fused 
under  pressure,  and  crystallizes  in  cool- 
ing. It  acts  with  violence  upon  water, 
forming  with  its  elements  muriatic  and 
phosphoric  acids. 

One  grain  of  phosphorus  unites  with 
six  of  chlorine,  when  burned  in  that 
gas ;  which  is  in  the  exact  proportion  of 

1  equivalent  phosphorus    .  12 

2  ditto      chlonne     .    .  72 
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Phosphorus  and  Iodine. 
Iodide  of  Phosphorus, 
(§  144.)  Phosphorus  and  iodine  verf 
readily  enter  into  combination  by  mefe 
contact  in  the  cold  :  during  their  action 
on  each  other  much  heat  is  given  out ; 
but  the  nature  of  the  product  has  not 
been  minutely  examined.  When  the 
iodide  is  thrown  into  water,  hydriodic 
and  phosphoric  acids  are  formed,  and  it 
is  by  this  process  that  the  former  is  best 
obtained,  (§  110.) 

Phosphorus  and  Sulphur. 

Phosphuret  of  Sulphur, 

(§  145.)    Phosphorus  and  sulphur  act 

with  great  violence  on  each  other,  and, 

it  is  probable,  give  rise  to  various  com- 

Eounds,  in  different  proportions,  which 
ave  not  been  completely  examined. 
The  combination  may  be  effected  by 
agitation  under  water,  the  temperature 
of  which  should  not  exceed  140^ or  160^ 
of  Fahrenheit  The  compound  has  a 
reddish-brown  colour,  and  is  fluid  about 
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40°  of  Fahrenheit,  or  at  the  average  Selenium  and  Oxygen. 

temperature  of  the  atmosphere.  It  does  Selenic  Acid.^se.  (1  S.40-h2  0. 16.) 
not  act  on  water.  It  is  more  mflamma-  .  «•  ••w-r-*  w.  iw.^ 
ble  than  phosphorus,  and  forms  a  good  d  ^'^^-^  Thk  peculiar  smell  of  horse- 
composition  for  phosphoric  fire-matches,  radish  arises  from  the  combinalion  of 
It  may  be  distilled  unchanged  at  a  strong  selenium  with  oxygen,  which  is  formed 
heat.  hjT  heating  this  substance  in  contact 
(§  146.)  It  may  here  be  stated,  that  ^^^  atmospheric  air:  this  is  probably 
the  chemical  nomenclature  which  desig-  a?  oxide  of  selenium.  But  when  sele- 
nates  the  binary  compounds  of  sub-  ^^^^  i?  dissolved  in  nitric  acid,  and  the 
stances  of  the  electro- negative  class,  solution  evaporated,  so  as  to  expel  the 
yrhich  are  not  acid,  by  the  termination  excess  of  that  acid,  a  white  saline  mass 
ide,  ta  oxide,  chloride,  bromide,  &c.,  remains,  which  may  be  sublimed  by 
distinguishes  by  the  termination  uret  ""sing  the  temperature,  the  colour  of 
analogous  combinations  of  substances  ^^^  vapour  closely  resembling  that  of 
of  the  electro- po^tive  class,  which  are  chlorine.  The  selenic  acid  crystallizes 
not  of  a  metallic  nature.  Thus  we  have  ^^  needles  in  the  colder  part  of  the  ap- 
phosphurei,  JtiUphuret,  carburet,  &c. ;  paratus. 

the    further  application   of  which  we  .($  149.)    Selenic  acid  has  a  sour,  and 

shall  become  acquainted  with  as   we  slightly  burning,  taste :  it  is  very  soluble 

proceed.  both  in  water  and  alcohol.    It  is  readily 

Q                ^^  decomposed  by  all    substanoes  which 

ssLBNiutf.— 40.  jjg^yg  ^  strong  attraction  for  oxygen.     If 

(§   147.)      Selenium  is  another  of  sulphurous  acid  be  passed  into  its  solu- 

those  rare  substances,  hitherto  unde-  *^on,  pure  selenium  will  be  thrown  down 

composed,  with  which  the  rapid  progress  ^^  ^^^  state  of  a  red  powder,  and  sul- 

of  cnemistrv  has  lately  made  us  ac-  phuric  acid  formed.    It  may  l>e  likewise 

guainted.    Neither  the  utility  nor  the  precipitated  by  the  immersion  of  plates 

interest  of  the  subject  will  require  us  to  ^^  **n<5  or  polished  iron, 

describe  at  length  the  combinations  of  Selenic  acid  is  composed  of 

an  element  which  many  accomplished  1  equivalent  of  selemum     .    40 

chemists  have  never  had  an  opportunity  2  ditto  of  oxygen   ....     16 

of  seeing.  "-^ 

In  the  process  for  obtaining  sulphuric  ^^ 
acid  at  Fahlun  in  Sweden,  from  a  natu-  Chapter  IV. 
ral  combination  of  sulphur  and  iron,  ,.     ..^  m.      tlt  *  n-     i?-  \i  vi 
called  pyrites,  it  was  o^erved,  that  a  ^  '^  Non^MetaUtc  Ftxed  Elements 
reddish  mass  was  deposited,  which,  in  Tl  -S^*  i^ihcon,  and  Boron  ;  and 
burning,  gave  out  a  peculiar  odour.   The  ^'^^  Binary  Compounds. 
principal  portion  of  the  mass  was  sulphur;  (§  150.)    Followino  up  the  arrange- 
but  with  it  was  mixed  a  very  minute  quan-  ment  which  we  have  adopted  as  con* 
tity  of  the  substance  to  which  the  name  yenient,  and  with  the  hopes  that,  from 
of  selenium  has  been  given.    ^Selenium,  its  strong  contrasts,  it  will  be  easily  re- 
at  common  temperatures,  is  a  brittle  tained  by  the  memory,  we  come  now  to 
solid  of  a  brown  colour  and  metallic  a  class  of  substances  which  are  totally 
fracture :  it  has  neither  taste  nor  smell,  unaffected  by  any  changes  of  tempera- 
IrVhen  pounded,  the  particles  stick  to-  ture,  to  which  the  art  of  man  has  yet 
get  her,  and  its  powder  has  a  deep  red  been  able  to  expose  them,  and  are  only 
colour.    It  melts  at  a  few  degrees  above  known  in  the  solid  form :  they  can  be 
the  boiling  point  of  water ;  and,  when  neither  fused  nor  volatilized,  and  are, 
vrarm,  is  very  ductile,  and  may  be  drawn  therefore,  designated  tLsJixecU  They  have 
into  fine  threads  ;    which  are  red  by  been  called  Carbon,  Silicon,  and  Boron  : 
transmitted,  but  grey  by  reflected  light,  they  are  bad  conductors  of  heat,  and 
It  boils  at  a  temperature  of  about  eOifi,  the  first  alone  f  and  that  not  in  its  purest 
and  condenses  either  in  opaque  metallic  form)  is  a  conctuctor  of  electricity, 
drops,  or,  when  large  vessels  are  used.  After  describing  the  mode  of  obtain- 
in  flowers  of  the  colour  of  cinnabar,  ing  each  of  these  substances  and  its  dis- 
Its  vapour  has  a  deep  yellow  colour,  tinctive  characters,  we  shall  describe 
When  heated  in  the  flame  of  a  candle,  such  of  its  known  binary  combinations, 
urged  by  a  current  of  air  from  a  blow-  with  the  preceding  elements,  as  possess 
pipe,  it  emits  a  strong  smell  of  horse-  any  interest,  either  from  their  striking 
ndish.  properties,  their  iUuaVnJikfoa  ^  >2cw^Nft:«% 
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of  chemical  affinity,  or  their  apphcation 
to  the  arts. 

Carbon. — 6. 

(}  151.)  Carbon,  although  but  rarely 
met  with  pure  and  uncomhined,  is  one 
of  the  most  important  elements  in 
nature :  its  various  compounds  are  more 
irenerally  and  abundantly  distributed 
than  those  of  any  other  substance,  and 
it  may  be  said  to  form  the  basis  of  the 
whole  organic  creation. 

Carbon  is  well  known  by  the  names 
of  diamond  and  charcoalt  which  two 
substances,  although  so  different  and 
almost  opposite  in  phytical  characters, 
it  is  prooable,  from  the  most  unex- 
ceptionable experiments,  are  chemically 
ihe  same. 

($  152.)  Diamonds  have  been  chiefly 
found  in  the  East  Indies  and  Braiil,  dis- 
semiuHted  in  sjavel  or  iml)edded  in 
sand-stone.  They  are  considered  as 
cems  of  the  highest  value.  Then*  crys- 
talline texture  gives  them  a  degree  of 
hardness  which  is  beyond  that  of  any 
other  known  substance.  They  are  trans- 
parent, and  of  various  colours;  and 
their  specific  gravity  varies  firom  3.4  to 
3.6.  Diamond,  when  subjected  to  the 
most  intense  heat  in  close  vessels,  un- 
dergoes no  change  ;  but,  if  8th)ngly 
heated  in  the  open  air,  is  entirely  con- 
sumed. If  this  experiment  be  made  in 
gure  oxygen  gas,  the  diamond  will  be 
umt,  the  oxygen  will  disappear,  and 
fin  equal  bulk  of  carbonic  acid  gas  re- 
main, whose  properties  will  be  presently 
descril>ed.  The  product  of  tne  com- 
bustion is  precisely  the  same  as  that  of 
an  equal  weight  of  pure  charcoal  imder 
the  same  circumstances. 

(( 153.)  Charcoal  may  be  obtained  free 
from  impurity,  by  burying  pieces  of 
wood  in  sand  in  a  crucible  or  other  con- 
venient vessel,  and  exposing  them  for 
about  an  hour  to  a  very  intense  heat 
It  is  prepared,  in  the  latge  way,  by  the 
distillation  of  wood  in  cast-iron  cylin- 
ders ;  or,  more  roughly,  by  building  up 
piles  of  wood  in  a  pyramidical  form, 
covering  them  over  with  clay  or  other 
earth,  and  leaving  a  Ifew  ai]>holes,  which 
are  closed  as  soon  as  the  masses  are 
well  lighted.  It  may  be  also  procured 
in  the  state  of  an  impalpable  powder, 
by  passing  the  vapour  of  alcohol 
through  a  tul)e  heated  to  redness. 

Charcoal,  formed  from  wood,  is  a 

black,  brittle  solid,   easily  pulverized, 

perfectly  insipid,  and  free  fi^om  smell. 

It  is  insoluble,  and  is  unchan^  by  any 

4^gree  of JwtiJt  injdoH  refsds,  It  buns 


readily  in  atmospheric  dr,  and  with 
great  splendour  in  oxvgen  gas :  the  pro- 
duct being  pure  carc^nic  acid  and  a 
little  water ;  the  latter  arising  fh>m  a 
minute  proportion  of  hydrogen,  which 
the  charcoal  retains  with  great  obstinacy. 

Fresh  prepared  charcoal  has  tlie  pro- 
})erty  of  absorbing  a  considerable  quan- 
tity of  the  difflerent  gaseous  InxUes, 
amounting  in  some  cases  to  80  or  95 
times  its  own  volume.  The  quantity  of 
this  absorption  appears  to  depend  upon 
the  orificinal  elasticity  of  the  gases; 
those  which  possess  this  property  in  the 
highest  degree,  and  Jiave  hithertb  re^ 
sisted  ail  attempts  to  convert  them  into 
liquids  by  compression,  are  taken  up  in 
the  smallest  proportion,  while  those 
which  have  been  so  condensed  are  ab- 
sorl)ed  more  freely.  Of  hydro^n  gas 
it  will  absorb  only  1.75  times  its  owa 
volume,  but  of  ammoniacal  gas  90 
times. 

Charcoal  possesses  the  singular  pitK 
perty  of  resisting  the  putre&ction  of 
animal  substances ;  and  meat  which  hal 
become  tainted  may  even  have  its  sweet- 
ness restored  by  rubbing  with  charcoal 
and  may  be  long  preserved  sweet  by 
being  buried  in  its  powder.  It  also  pnr 
duces  the  remarkal^e  effect  of  destroy- 
ing the  colour  and  smell  of  many  animd 
and  vegetable  substances.  Common 
vinegar,  \3y  being  boiled  with  it,  becomes 
perfectly  colourless ;  and  red  wines, 
rum,  or  brandy  may  he  bleachel  by  fil- 
tration through  it.  It  is  largely  em- 
ployed, for  this  purpose,  in  the  process 
of  siurar  refining,  and  for  preparing 
colourless  crvstals  of  citric  acid  ana 
other  vegetable  productions.  Charcoal 
prepared  by  calcming  animal  substances 
m  close  vessels,  has  been  found  most 
efficacious  for  these  purposes. 

CARBOlf  AND  OXTGBN. 

Carbonic  Oxide. — 14. 
(1  C.  6  +  1  O  8.) 
($  154.)  If  we  introduce  into  a  gun- 
barrel,  or  retort,  a  mixture  of  equal 
parts  of  well-dried  chalk  and  charcoal 

Eulverised,  and  expose  it  to  a  strong 
eat,  a  large  quantity  of  gaseous  matter 
will  be  produced,  which  may  be  col- 
lected over  the  water  bath.  The  pro^ 
duct  must  l)e  aeitated  with  lime-water» 
and  a  consideri3)le  absorption  will  take 
place,  after  which  the  remaining  gas 
will  be  carbonic  oxide.  In  this  process, 
iron  or  zinc  filings  may  t)e  substituted 
for  the  charcoal,  with  greater  certain^ 
of  procuring  the  gas  pmectly  pure» 
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(f  155.)  Carbonic  oxide  is  a  g:aseous  ($  157.)  Carbohie  acid  gas  is  (ioloUr^ 
body  of  an  offensive  smell,  coIouHess,  less  and  inodorous.  It  is  ralher  more 
and  insipid.  It  is  a  very  little  lightef  thi&n  by  one-half  heavier  than  comtnon 
than  atmospheric  air;  100  cubic  inches  air;  100  cubic  inches  weighing  46.5 
weighini;  29.65  ^ins.  It  is  very  graihs.  It  is  perfectly  uninflammable, 
sparingly  soluble  in  water,  and  it  does  atid  instantly  extinguisnes  flame.  From 
not  in  any  Way  affect  the  colour  of  blue  its  great  sj^fic  gravity,  it  will  remain 
vegetable  infusions.  It  is  inflanimAble-,  for  sotne  time  at  the  bottom  of  a  jar 
and  bums  with  a  blue  flame;  but  a  with  its  mouth  turned  upwards;  and 
lights  taper  plunged  into  a  jar  full  of  may  be  poured  from  one  such  vessd 
the  eas  is  instantly  extingViished.  No  into  another  like  water.  It  is  an  amus- 
water  is  formed  during  its  combustion,  ing  experiment  to  place  a  lighted  taptf 
as  may  t>e  ascertaihed  by  holding  a  cold  in  the  bottom  of  the  jar,  as  it  will  be  m-' 
bell-glass  over  its  flame,  Which  Will  stantly  extinguished  by  pouring  the  gas 
remain  bright  and  free  from  the  dew  upon  it,  like  a  liquid, 
which  is  instantly  deposited  by  the  com-  It  is  speedily  fatal  to  animals  which 
bust  ion  of  hydrogen  gas  and  iU  com-  breath  it:  and  hence  the  danger  of  expo- 
pounds  under  similnr  circumstances.  It  sure  to  the  fumes  of  burning  charcoaL 
IS  noxious  to  animal  life  when  received  which  have  in  so  many  instances  provea 
intu  the  lungs;  and,  when  respired  for  a  fatal  From  its  great  density,  it  also  not 
few  minutes,  product  giddiness  and  unfrequently  collects  in  the  bottoms  of 
fainting.  wells  and  mines,  while  the  upper  parts 

If  carbonic  oxide  be  nftingled  with  an  are  free  from  it,  and,  Jfrom  its  injurious 
equal  bulk  of  hydrogen,  and  passed  effects,  is  called  by  the  miners  ckoak 
tlirough  an  ignited  tube,  the  tube  will  damp.  It  has  been  condensed  into  a 
become  lined  with  charcoal,  and  water  liquid  by  a  pressure  amounting  to  that 
will  be  formed ;  as  at  a  high  tempera-  of  36  atmospheres,  or  a  column  of  mer- 
ture  the  hydrogen  attracts  oxygen  with  cury  90  feet  in  height, 
more  force  than  carbon.  When  mixed  Water,  under  common  circumstanpes 
with  half  its  volume  of  oxygen,  it  may  of  pressure  and  temperature,  will  cTis- 
be  exploded  in  a  detonating  tube  by  the  solve  about  its  own  bulk  of  this  gas ; 
elect nc  spuk,  aikd  150  measures  of  the  but  the  quantity  taken  up  may  be  in- 
mixture  will  thus  be  converted  into  100  creased  by  pressure,  and  will,  in  ftudt^ 
of  cartx>nic  acid,  a  combination  which  be  in  e)cact  proportion  to  the  compress- 
will  be  descriljed  in  the  next  section ;  Ing  force.  It  is  by  the  strong  compres- 
after  which  the  calculation  wiU  be  better  sion  of  a  forcings-pump  tiiat  the  corn- 
understood,  from  which  its  eomposition  mon  sodit-watet  is  so  nighly  charged 
has  been  inferred  to  be  with  this  gas. 

1  ecjuivalent  of  carbon     .        .    6  The  solution  has  an  itgreeiible  subacid 

1  ditto  of  oxygen       .       •       .8  taste,  knd  reddens  paper,  Mained  wi^ 

—  the  blue  colour  of  litmus.    When,  how- 

14  ever,  an  infbsion  of  litmus,  which  hall 

The  blue  flame  which  may  be  observed  been  reddened  by  this  acid,  is  boiled,  the 

over  bummg  charcoal  arises  from  the  blue  wlour  Returns  as  the  acid  e8ciq)es: 

combustion  of  this  gas.  »"  ^™5t  ^™<5h  distinguishes  it  from  all 

•^    t     '    A    J     AA  other  lx)dies  of  the  same  class.    The 

Carbonic  Acid.^22.  rieanmt  pungency  of  brisk  and  spark- 

(1  C.  6+2  O.  16.)  ling  fermented  liquors  is  owin^  to  the 

((  156.)    Wb   have  just  seen  M  152,  caroonic  acid  which  they  hold  m  solu- 

153)  that  diamond  and  charcoal  may  tion,  and  which  they  lose  upon  exoo- 

both  be  burnt  in  oxygen :    the   bulk  sure  to  the  air,  and  become  thereby  flat 

of    the   gas  is    not  altered,    but    its  and  stale. 

weight    is    increased     by   tlie   exact  Carbonic  add  is  produced  in  aU  the 

amount  lost  by  the  solids  during  the  common  cases  of  combustion,  and  is 

combustion ;    and     all    its    properties  likewise  abuhdantly  formed  durins  the 

are  changed.      Carbonic    acid,    how-  respiration  of  animals ;  it  is  not,  there- 

ever,  is  most  conveniently  obtained  by  fore,  surprismg  that  it  should  be  always 

dropping  fragments  of  marble  or  chalk  present  in  the  atmosphere  to  the  amount 

into  muriatic  acid,  diluted  with  two  or  of  about  one-thousandth  or  one-flfteen- 

three  times  its  weight  of  water.  A  strong  hundredth  of  its  tmlk.  Indeed,  the  great 

ettfervescence  ensues,  tlK  gas  from  which  wonder  is,  considering  the  abundanoe 

Miy  be  coUioM  Ofer.the  irit«>Mk  eCtoicHiroeiy  tbalitaoeaMttowan^ 
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late  to  an  iigurious  degree,  as  it  cer-  This,  after  being  washed  with  •  lime- 

tainlv  would,  without  one  of  those  ad-  water,  or  a  solution  of  potash,  will  con- 

mirable  and  providential  compensations  sist  of  sub-carburetted  hydrogen  nearly 

which  perpetually  strike  us  amonc^st  the  in  a  state  of  purity. 

laws  or  nature,  and  which  we  shall  here-  ($159.)  It  is  a  colourless,  permanent 

after  find  in  the  vegetable  part  of  the  ^as,  soluble  in  very  minute  proportions 

creation ;  by  which  it  is  provided,  that  in  water,  with  very  little  odour,  and  in* 

the  process  of  vegetation  should  remove  flammable.    When  set  on  fire  it  bums 

the  contamination  produced  by  the  ani*  with  a  yellow  flame,  and  gives  out  much 

mal  part.  more  light  than  hydrogen:  100  cubie 

As  it  has  been  proved  that  oxygen,  in  inches  weigh  16.94  grains, 

uniting  with   carbon  to  form  carbonic  When  mixed  with  atmospheric  air  or 

acid,  does  not  alter  its  volume,  it  is  oxygen,  in  certain  propoilions,  it  ex* 

easv  to  deduce  the  constitution  of  this  plodes  with  violence  upon  contact  with 

body  from  its  weight :  flame. 

T*  ^      .,        .  ,  ^    •           , .     Q™'»".  To  decompose  it  completely,  it  is  iie> 

If  from  the  weight  of  1 00  cubic  cessary  to  mix  it  with  rather  more  than 

inches       .        •.,.*,       •    ^^'^  twice  its  bulk  of  oxygen  gas;  but  ex- 

we  deduct  the  weight  of  100  acily  two  volumes  are  consumed.  Water 

cubic  inches  of  oxygen         .    33.8  ^nd  a  qu^tity  of  carbonic  acid  aie 

..            .   .                                  produced,    the   latter    being    precisely 

•n  u™?u  '  .  ^,  V  .1.  •  t.'  ^Hr.  equal  to  the  original  bulk  of  the  inflam- 
will  be  the  weiffht  of  the  carbon  in  the  ^^ble  gas.  Now,  as  carbonic  acid  con- 
compound;  and  the  proportion  of  33  8  ,^^3  g^  own  bulk  of  oxygen  (§  156), 
to  12.7  IS  very  nearly  the  same  as  16  to  half  the  oxygen  in  the  above  experiment 
^  ^^     -    ^    ,    e      ,  niust  be  taken  up  by  the  formation  of 

1  equivalent  of  carbon    .        .      6  ^^at  body :  the  other  volume  would  re- 

2  ditto  of  oxygen    .        .        .16  quj^e,  to  convert   it  into  water,    two 

, .      .,          .    1    A    i.  volumes    of    hydrogen   (}  46) :     two 
making  the  equivalent  of  car-  volumes  of  hydropn  must,  therefow, 
Dome  acia           ...    22  h^ve  been  present  in  the  volume  of  tht 
When  a  succession  of  electrical  sparks  sub-carburetted  hydrogen  originally  em- 
is  passed  through  carbonic  acid  gas,  ployed. 

confined  over  mercury,  a  portion  is  con-  Deducting,  therefore,  from  the  weight 

verted  mto  carbonic  oxide  and  oxygen ;  of  1 00  cubic  inches  of  this  gas  1 6.9 

and  when  a  stream  of  it  is  passed  over  the  weight  of  200  cubic  inches 

charcoal,  ignited  in  a  porcelain  tube,  it  hvdroo-Pn                               d  or&^n 

is  wholly  converted  into  carbonic  oxide.  i^yd^gen      .    .    .    •    .     4.2  (f  41) 

It  will  now  be  understood,  that  as  fUn  ,.nmo;«rio^                          iot 

carbonic  oxide  becomes  converted  into  ^^^  remainder       ....     12.7 

carbonic  acid,  by  explosion  with  half  its  ^ill  be  the  weight  of  carbon  in  the  com- 

bulk  of  oxyf^en,  and  as  the  oxygen  in  pond;  and  the  proportions  12.7  :4.2  ap- 

carbonic  acid  is  equal  in  volume  to  the  proach  very  nearly  to  those  of 

acid,    the  quantitj^  of    oxygen  in  the  1  equivalent  carbon      -    -    6 

former  compound  is  exactly  half  that  in  2      ditto      hydrogen  -    -    2 

the  latter,   and  the  composition  of  the  — 

oxide  must  be  as  before  stated  (}  155.)  8 

1  equivalent  carbon     .     .      6  The  fire-damp  of  coal-mines  almost 
1      ditto      oxygen     .     .      8  wholly  consists  of  this  gas,   and  the 
.,.-,.       . ,          "~  dreadful  explosions  which  so  often  prove 
eqmvalent  of  carbonic  oxide    .    14  destructive  to  human  life  are  occasioned 
Carbon  and  Hydroorn.  by  the  ignition  of  its  mixtures  with  at* 
Sub-carburetted  Hydrogen,^.  mospheric  air  at  the  candles    of  XlA 
^             '  miners. 
(1  l^.  6  -h  2  w.  2.)  jt  ig  necessary  here  to  state  that, 
(}  158.)  By  stirring  the  bottom  of  an^  when    sub-carburetted    hydrogen    and 
stagnant  pool  of  water,  especially  if  it  chlorine  are  mixed  together  over  water, 
consist  of  clay  containing  vegetable  sub-  no  action  takes  place  if  light  be  care- 
stances  in  a  state  of  decomposition,  a  fully  excluded ;    but  if  exposed  to  the 
quantity  of  gaseeus  matter  will  be  dis-  light  of  day,  and  still  more  rapidly  in 
engaged,  which  may  be  collected  in  an  the  lijght  of  the  sun,  a  series  of  decom- 
inverted  bottle,  provided  with  a  funnel*  positions  ensues.  Muriatic  and  carbonio 
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acids  are  fomed,  the  former  of  which  is  may  be  proved  in  another  way :  carbu- 

instantly  absorbed.  retted  hydrogen,  like  phosphuretted  hv- 

Carburetted  Hydrogen.^U.  ^T^^^^  ^t  ^27).  m^  be  decomposed  by 

^          Jr  smgle   elective    affinity    with    sulphur, 

(2  C.  12  +  2  H.  2.)  which  has  a  greater  attraction  for  hy- 

a  160.)  By  gently  heating,  in  a  glass  drogen  than  carbon.    If,  therefore,  we 

retort,  three  measures  of  strong  sulphuric  heat  sulphur  .in  a  measure  of  the  ^as 

acid  andonemeasureof  alcohol,  or  pure  over  mercury,  carbon  will  be  precipi- 

spirits  of  wine,  the  mixture  becomes  mack  tated,  and  two  measures  of  sulphuretted 

and  thick,  and  a  copious  disengagement  hydrogen  will  be  obtained :  hydrogen, 

of  gaseous  matter  taiies  place,  which  may  as  we  nave  seen  ((  1 22),  not  having  its 

be  collected  over  water :  after  agitation  volume  changed  by  combination  with 

with  lime-water,  or  solution  of  potash,  sulphur. 

pure  carburetted  hydrogen  remains.  (§  162.)  The  detonation  of  these  gases 

{§  161.)  It  is  colourless,  possesses  with  oxygen,  which  is  extremely  violent, 

very  little  smell,  and  is  slightly  soluble  would  not  be  unaccompanied  with  dan- 

in  water.     It  is  inflammabte,  and  bums  ger  in  the  apparatus  which  was  formerly 

with  a  dense  bright  flame,  giving  out  described  ($46);  but  may  be  securely 

much  more  light  than  the  sub-carbu*  and  accurately  effected  by  the  following 

retted  hydrogen.    It  is  very  little  lighter  simple  means  : — A  strong  glass  tube 

than  common  air,   100  cubic  inches,  must  be  provided,  of  the  interior  dia- 

weighing  29.65  grains.  When  mingled  meteroffrom  two-tenths  to  four-tenths  of 

with  oxygen  gas  and  i^ted,  it  explodes  an  inch ;  it  must  be  bent  in  the  form  of  a 

with  great  noise  and  violence.  To  insure  syphon,  with  legs  of  nearly  equal  length : 

its  complete  combustion,  it  should  be  one  end  must  be  hermetically  sealed 

mixed  with  five  times  its  volume,  of  (closed  b^  the  heat  of  a  lamp  urged  with 

which,  however,  three  only  are  taken  a  blow-pipe),  and  the  other  open,  and  a 

up  by  the  combustion.     If  too  little  little  enlarged,  in  the  manner  of  a  funnel. 

oxyfjen  be  used,  much  of  the  charcoal  is  Two  platina  wires  must    be   inserted 

precipitated  unbumed.  The  products  are  close  to  the  sealed  extremity,  by  which 

water  and  two  volumes  of  carbonic  acid,  an  electrical  spark  may  be  passed.   The 

indicating  double  the  quantity  of  carbon  closed  end  must  be  graduated  by  the 

in  the  preceding  compound.    The  com*  successive  introduction  of  equal  weights 

position,  therefore,  of  cari}uretted  hy-  of  mercury,  and  marking  upon  the  glass 

drogen  is  as  follows : —  the  space  which  they  occupy. 

2  equivalents  carbon  .    .     12  The  syphon  must  be  fillea  with  water, 

2       ditto      hydrogen    •      2  or,  in  cases  where  the  gases  may  be  ab- 

—  sorbable  by  that  fluid,  with  mercury; 

14  and  a  portion  of  the  gases,  previously 

the  two  volumes  of  hydrogen,  as  with  mixed  with  great  accuracy,  may  easily 

the  sub-carburet,  being  condensed  into  be  introduced  above  the  fluid  in  the 

one.  sealed  end  of  the  tube.    It  must  next  be 

Its  specific  gravity  exactly  a^es  with  removed  from  the  trough  in  which  it 

this  calculation;  for  100  cubic  inches,  has  been  filled,  by  applying  a  finger 

by  the  above  decomposition,  nve  200  upon  the  orifice.    The  fluid  may   be 

cubic  inches  of  caroonic  acid,  which  adjusted  to  the  same  level  in  the  two 

weigh 93  grains  ((  157)  legs,  by  either  adding  a  few  drops  or 

from  which,  deduct- 1  expelling  some,  by  the  immersion  of  a 

ingtheweigntof200>  67.6            ((37)  piece  of  wood.    The  volume  of  the  in- 

cuoic  inches  oxygen  J  eluded  gas  must  next  be  accurately  mea- 

— —  sured  by  the  graduation.  The  finger  is 
the  remainder,  .  .  25.4,  will  be  the  now  to  be  r^aced  upon  the  orifice,  and 
weight  of  carbon  in  100  cubic  inches  of  a  portion  of  air  will  be  included  be- 
the  gas ;  and  if  to  .  .  .  25.4  tween  it  and  the  fluid ;  which,  when  the 
we  fuld  the  weight  of  200)  .^  rS4n  ^^^^^^^^  spark  is  passed,  and  the  ex- 
cubic  inches  of  hydrogen  i      •     19    w  plosion  takes  place,  acts  as  a  spring,  the 

column  of  included  mercury  recoiling 

the  total 29.6  against  it,  and  preserving  the  tube  from 

will  be  the  weight  of  100  cubic  inches  of  fracture.    Even  when  the  detonation  is 

carburetted  hydrogen,  as  we  have  just  strongest,  nothing  is  felt  but  a  slight 

stated.  pressure  upon  the  finger,  which,  after 

,  Ihe  tondensataoQ  of  tiie  hydrogtn  the  prooess,  mast  be  eeaU^  t^tos^H^v 
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arid  thfe  fluid  aj^ih  ttdjtisted  till  !t  standi    of  a  stfeam  of  limited   hydrogen  ft 

at  equal  heights  in  ttie  two  legs,  when    scarcely  visible  in  the  day-lii;ht ;  but  if 

the  residual  gas  may  be  measured  with    a  small  coil  of  platinum  wire  1^  sus- 

the  greatest  nicety.  pended  in  it,  or  some  solid  body  in  veiy 

C}  1 63.)     Carburetted  hydrogen  mity    fine  powder,  such  as  the  oxide  of  zinc  bi 

he  decomposed  by  passing  it  through    projected  through  it^  it  become^  j^  lu- 

red-hot  tubes :  at  a  low-red  heat  char-    minous.     Phosphorus  bums  in  chloriae' 

coal  is  deposited,  and  an  equal  volume    with  a  very  pale  flame,  the  produiet  of  the 

of  sub-carburet  ted  hydrogen  produced ;    combustion  being  a  very  volatile  irnd^ 

but  at  a  white  heat  the  lattet'  is  also  de-    stance  (§  143) ;  but  burned  in  oigrjten 

composed,  and  the  gas  is  greatly  in-    it  emits  a  most  splendid  light*  ewinf 

ceased  in  volume.     Chlorine  readily    to  the  ignition  of  the  particles  of  si^ 

combines  with  this  gas,  even  in  the    phosphoric  acid  which  are  giren  oft 

dark ;  and  in   this  way  a  mixture  of    Carburetted  hydrogen  felveS  out^  dmiilg 

carburetted  and  sub-carDui*etted  hydro-    its  combustion,  much  more  iWht  thto 

gen  may  readily  be  separated.    (}  159.)    the  sub-carburetted,  owing  to  the  Ivrger 

The  result  of  the  comoination  is  a  yel-    quantity  of  carbon  which  is  disengaged; 

low  liquid,  like  oil,  possessing  a  peculiar    but  if  the  mixture  with  oxygen  be  ia 

sweet  taste  and  ethereal  smell :  it  is  vola-    such  proportions  as  at  once  to  bora  the 

tile,    and    may    l>e    distilled    without    whole  of  the  charcoal  in  its  gaseous 

change.      It   may  properly  l>e  distin-    combinations,   without  previous  d«M»- 

guished  by  the  name  of  hydro-carburet    sition,  the  light  becomes  Mite,  niid  i» 

of  chlorine.     From    the    property  of   greatly  reduced  in  intensity.    Theac  dif- 

forming  this  oily  substance,  carburetted    ferent  stages  of  combustion  may  all  bt 

hydrogen  was   formerly  called  oltfiant    observed  in  the  flame  of  t  •  eommon 

gtis.  candle ;  at  the  bottom  part,  inhere  tfaa 

(}  164.)   All  the  common,  but  highly    inflammable  gases  arte  given  off  ia  tllr 

interesting  phenomena  of  ,/fom^,  are  de-    smallest  quantity,  and  where  Ih^  ait 

pendent  upon  the  combustible    gases    most  intimately  mixed  with  the  ain  thi 

which  we  nave  just  been  examining;    combustion  is  at   once  complete^  laid 

and  the  important  processes  of  artificial    the  light  is  blue  and  ftMX  (  ttie  centit 

illumination    are  founded    upbn    their    part,  where  the  particles  of  chansOil, 

properties.    Flame  is,  in  all  cases,  the    owing  to  a  less  admixture  of  oxygeiv 

combustion  of  explosive  mixtures  of  in-    are  thrown  off^  in  a  solid  state  and  Dt- 

flammable  gases  or  vapours  with  com-    come    incandescent    before     they    ii%^ 

mon  air  in  different  proportions ;  and,    finally  burnt,  is  white  and  highly  bril- 

when  continuous,  is  mamtained  by  an    liant ;  and  the  upper,  where  the  '(^ar- 

uninterrupted  flow  of  these  elastic  fluids    coal  is  in  still  greater  quantity  and  much 

into  the  atmosphere,  with  which  they    of  it  finally  escapes  combustion,  is  red 

slowly  mingle.    That  it  cannot  be  re-    and  dull. 

garded  as  mere  combustion  at  the  point  The  heat  of  flames,  evetl  of  thoM 
of  contact,  may  be  proved  by  holding  which  give  least  light,  as  of  hydrogen 
a  taper  within  a  large  flame  prodaced  and  spirits  of  wine,  is  intense ;  aa  is 
from  alcohol :  the  flame  of  the  taper  shewn  by  platinum  wire  becomii^  whili 
will  appear  within  the  other,  from  hot  in  the  parts  where  the  combu^tioa 
which  It  will  be  distinguished  by  its  is  perfect  The  fact  is  also  proved  by 
difference  of  colour ;  proving,  that  there  certain  instances,  where  combustioa 
is  oxygen  even  in  its  interior.  lUe  takes  place  without  evolving  sufficient 
flames  of  lamps  and  candles  are  fed  by  heat  to  cause  ihflammatioh,  as  in  the 
a  stream  of  inflammable  gases  and  va-  instance  of  the  flafnele^  lamp  aheaify 
pours,  arising  from  the  decomposition  referred  to,  ((  31).  This  experiment 
of  wax,  tallow,  or  oils;  commfnced  by  may  be  varied  by  pouring  a  little  ether' 
the  application  of  heat  from  some  ex-  into  the  bottom  of  a  Wide-knouttied 
terior  source,  but  continued  by  the  hidi  ^lass ;  when,  if  a  piece  of  heated  pla- 
temperature  which  is  kept  up  by  tne  tinum  wire  be  held  a  little  above  itena> 
process  itselC  The  quantity  of  light  face,  it  will  become  red-hot,  but  will  not 
which  flame  emits  is  dependent  upon  inflame  the  ether  till  it  acquires  a  ftiU 
the  incandescence  of  minute  particles    white  heat. 

of  solid  matter,  which  are  thrown  off  (^  165.)  Upon  the  necessity  of  an 
during  the  combustion ;  and  those  intense  heat  tor  the  mamtenanee  of 
flames,  whose  products  are  onlygaseuus  flame  is  founded  the  properties  of  the 
matter,  give  veiy  little  %ht,    l%e  fight  mmar't  9ttf^  lamp^  by  wiinh  the  .4b- 
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currence  of  those  dreadftil  explosions, 
to  which  we  have  just  referred  (J  159), 
has  become  much  less  frequent;  and 
misrlit   most  probably  l)e  wholly  pre- 
vented, were  it  not  tor  gross  careless- 
ness and  some  still  remaining  prejudice. 
In  this  beautiful  contrivance,  the  flame 
of  the  lamp  is  covered  with  a  tall  cylinder 
of  wire-frauze,   seciu^ly  screwed  to  it, 
which  does  not  prevent  the  circulation 
of  the  air,  and,  rVom  the  fineness  of  its 
texture,  obstructs  but  little  light.    The 
opera' ion  of  the  metallic  ^auze  may  be 
illustrated  by  bringing  a  piece  of  it  down 
upon  the  flame  of  a  candle  or  of  coal- 
eas.    The  flame  may  thus,  as  it  were, 
be  cut  in  half;  the  lower  part  only  re- 
mainins;  ignited,  the  upper  l)eing  cooled 
below  the  constituent  temperature  of  in- 
flammation :  that  the  cooled  gaseous  mat- 
ter, however,  passes  throuj^h  the  tissue 
may  be  proved,  by  lighting  it  ag[ain  upon 
the  upper  surface.  Now,  supposing  an  ex- 
plosive mixture  to  penetrate  to  the  flame 
of  the  lamp,  protected  in  the  manner 
which  we  have  just  described,  it  will 
burn  within  the  wire>boundary  which 
has  been  prescril)ed  to  it ;  but  the  cool- 
ing influence  of  the  gauze  will  prevent 
its  extension  to  theexternsd  atmosphere, 
and  thus  all  danger  is  avoided.    The 
safety  of  the  lamp,  of  courne,  entirely 
depends  upon  the  perfect  state  of  the 
wire-tissue  and  the  manner  in  which  it 
is  secured,  so  that  no  aperture  may  exist 
by  which  the  flame  may  pass. 

(&  166.)  The  progress  of  science  has 
lately  introduced  a  great  improvement  in 
the  art  of  illumination,  by  suggesting 
the  decomposition  of  the  different  sub- 
stances which  yield  the  inflammable 
gases  in  establishments  formed  for  the 
purpose,  and  conducting  the  pure  elastic 
products  through  pipes  to  the  situations 
where  they  are  required  to  be  burned ; 
and  where  their  consumption  may  be 
regulated  to  the  greatest  nicety,  accord- 
ing to  circumstances.  Coal,  oil,  and 
rosin  have  been  chiefly  employed  in 
this  new  manufacture ;  and  that  upon 
a  scale  which  cannot  but  astonish  those 
who  recollect  the  first  suggestion  of  a 
scheme,  which  was  very  generally  deem- 
ed chimerical.  Coal,  vinen  subjected  to 
distillation  in  close  vessels,  at  a  red  heat, 
gives  out  a  large  quantity  of  gas,  con- 
sisting chiefly  of  sut>-carburetted  hydro- 
gen, mixed  with  the  other  inflammable 
fases  which  we  have  just  descril>ed. 
'he  sulphuretted  hydrogen  with  which  it 
is  contaminated  is  removed,  by  passixig 
it  through  lime,  suspeoded  in  mter  )^ 


agitation,  tlie  specific  ghivify  of  well- 
purified  coal-i^ras  varies  from  450  to 
700.  A  laree  quantity  of  an  impure 
carbon,  called  coke,  is  found  in  the  re- 
torts after  the  extraction  of  the  gas. 

Oil,  by  being  allowed  to  trickle  into  a 
red-hot  retort,  half  filled  with  coke  or 
pieces  of  brick  to  increase  the  heated 
surface,  is  decomposed,  and  vields  a 
large  quantity  of  gas,  which  is  much 
richer  m  carburetted    hydroi):en    than 
cosd-gas,  and  is,  therefore,  much  better 
fitted  for  purposes  of  illumination.    Its 
specific  gravity  valries  from  800  to  950. 
It  contains  no  admixture  of  sulphuretted 
hydrogen,  and  requires  no  purification ; 
and  as  less  of  it  is  required  for  any  given 
quantity  of  light,  the  atmosphere  of  a 
room  is  less  heated  and  contaminated 
by  its  combustion.    It  is,  however,  con- 
siderably more  expensive  than  the  gas 
from  coal ;  although  the  first  outlay  of 
capital    for    a   manufactory    upon    a 
large  scale  is  less  on  account  of  the 
smaller    size    of  the    necessary  pipes 
and  apparatus.     Rosin,  it  has  lately 
been  discovered,  by  peculiar  treatment, 
also    yields    an    abundance    of    gas, 
equal  in  quality  to  that  from  oil,    and 
at  al)out  one-fourth  the  expense :  its 
smell,  moreover,  is  much  less  offen- 
sive than  that  of  either  coal  or  oil-gas, 
and  it  has  been  introduced  with  success 
into  several  very  lai^  establishments. 
Wood  is  likewise  capable  of  yielding  in- 
flammable gas,  by  distillation,  in  abua- 
dance;    but  it  is  so  deflcient  in  the 
compounds  of  carbon  and  hydrogen,  as 
to  he  nearly  worthless  for  illumination. 
In  manufactories,  however,  of  charcoal, 
in  iron  retorts  for  the  making  of  gun- 
powder, the  gas  which  is  given  off  is 
led  by  a  pipe  under  the  cylinders,  and  is 
economically  employed  in  maintaining 
their  heat. 

The  sub-carlniretted  and  carburetted 
hydrogen  gases  are  the  only  compounds 
of  carbon  and  hydrogen  known,  whicn 
assume  the  form  of  permanently  elastic 
fluids.  There  are,  however,  a  variety 
of  other  eombinations  of  these  two  ele- 
ments, in  different  proportions,  which 
have  not  been  clearly  aevelop^,  some 
of  wluch  are  the  products  of  art  and 
others  of  nature,  the  description  of 
which  we  shall  defer  to  a  future  occa- 
sion. 

Carbon  and  Chlorins, 
,  Per-ehloride  qf  CorAon.— 120, 
(2  C.  12+3  Chl.  108.) 

(f  167.)    Th&  >3siaoa  ^  ^8«ew:»^  ^^r&i 
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chlorine  cannot   be   directly  efiFected ;  not  with  water.    It  is  not  combustible 
and  no  action  ensues  upon    strongly  except  when  held  in  the  flame  of  a 
heating  charcoal  in  that  gas.    We  have,  lamp,  when  it  bums  with  a  yellow  light, 
however,  seen    (§   163),  that   a  triple  and  gives  off  much  smoke,  mixed  with 
compound   of   carbon,  hydrogen,  and  acid  fumes.    Its  analysis  shows  it  to  be 
chlorine  may  be  produced  by  the  direct  a  compound  of 
combination  of   carburetted  hydrogen  1  equivalent  of  carbon  .     .     6 
and  chlorine.    If  this  oily  liquid  be  ex-  1        ditto         chlorine     .  36 
posed  to  the  direct  rays  of  the  sun,  in  — 
an  atmosphere  of  chlorine,  it  will  be  42 
decomposed ;  muriatic  acid  will  be  pro-  Sub-chloride  of  Carbon.-^S. 
duced  Dy  the  abstraction  of  the  hydro-  .n  n  io   •   i  cm  q«  \ 
gen,  and  the  carbon  wUl  attach  itself  to  ,           (Z  i..  i  ^  +  i  ^ni.  Jb.; 
another  portion  of  the  chlorine.  The  ex-  (J  ]  7 1 .)  Another  compound  of  carbai 
periment  is  not  difficult  of  performance  ?nd    chlorine    has    been    accidentiDf 
in  a  glass  retort  fitted  with  a  stop-cock,  formed,  m  very  small  quantities,  m  i 
The  muriatic  acid  is  absorbed,  as  it  is  manufactory  of  mine  acid,  from  nitre 
formed  by  the  admission  of  a  little  water  jnd  vitnol,  m  Sweden.     It  was  m  tte 
and   fresh    chlorine,    admitted  as  re-  [o™.  of  white  feathery  crystals,  r^har 
quired.  heavier  than  water,  and  insoluble  m  tna 
(}  168.)    The  per-chloride  of  carbon  Jui^l-    It  had  a  peculiar  smell,  rescB- 
is  a  transparent,  colourless  solid,  having  hling  spermaceti,  and  was  tasteless.    It 
very  little  taste,  and  possessing  an  aro-  ^^  soluble  in  alcohol  and  ether,  and 
matic  odour,  resembling  that  of  cam-  burned  in  the  flame  of  a  lamp  withi 
phor.     Its    specific   gravity  is  2.     It  greenish  colour.     It  was  decorapowd 
IS   very  brittle,     and  a  non-conductor  pto  chlorme  and  carbon,  by    pasmiK 
of  electricity.    It  is  volatile  at  common  ^ts  vapour  through. a  glass  tube  con- 
temperatures,  and  is  sublimed  in  very  taining  fragments  of  rock-cijstal,  heated 
transparent,    colourless    crystals.       It  ^ed  hot,    It  was  ascertamed  to  be  ooa- 
melts  at  320©,  and  boils  at  360°  Fahren-  POsed  of 

heit.    It  is  scarcely  combustible;  but  2  equivalents  of  carbon    .  19 

when  held  in  the  flame  of  a  spirit-lamp,  1        «"tto           chlorme  .  36 

it  bums  with  a  red  flame,  and  gives  off  "" 

much  smoke  and  fumes  of  muriatic  acid.  ^^ 

It  is  little  soluble  in  water,  but  is  readily  Carbon  and  Nitrogen. 

taken  up  by  alcohol,  and  may  be  crys-  Carburet  of  Nitrogen,  or  Cyanogen.^ 

tallized  from  that  fluid  on  evaporation.  26.            »    '^ 

It  is  also  soluble  in  ether  and  oils.   The  ' 

results,  both  of  its  analysis   and  syn-  ^^  ^'  ^^  +  N.  14.) 

thesis,  concur  in  its  being  a  compound  ($  1 72.)  By  boiling  together  red  oxide 

of    2  equivalents  of  carbon    .     12  of  mercury  with  twice  its  weight  of  the 

d  ditto  chlorine  .     .    .    .108  well-known  colour  called  PrtMnon  6^, 

in  a  sufficient  quantity  of  water,  a  com- 

120  pound  may  be  obtained  which  crystal- 

Chloride  of  Carbon.^2.  [^^^  ^^  P"f?^«'  ^"^  ^^'""^  ""?'*  ^"T^ 

/i  p  R  4-  1  Phi  ^R  ^  known  by  the  name  ofprussiateof  merr 

(I  C  6  +  1  uni.  36.)  cury,  but  is  now  designated  as  cyanuni 

($  169.)  Whbn  the  vapour  of  the  per-  of  mercury.    This  substance  well  dried 

chloride  of  carbon  is  passed  through  an  at  a  temperature  below  that  of  boil^ 

ignited  glass  tube  containing  fragments  water,  when  put  into  a  small  retort»  or 

of  glass  or  rock-crystal,  to  increase  the  such  a  tube  as  that  before  described 

heated  surface,  it  is  partly  decomposed ;  ($36),  and  exposed  to  heat,  blackens 

chlorine  escapes,  and  a  fluid  passes  over,  and  liquefies,  and  gives  off  a  gas  which 

which  may  be  separately  condensed.  may  be  collected  over  mercury. 

(j  170.)  It  is  limpid  and  colourless ;  ($  173.)  The  carburet  of  nitrogen  is  a 
does  not  assume  the  solid  form  even  at  permanently  elastic  fluid  at  a  common 
O*'  Fahrenheit,  and  is  volatilized  at  a  pressure  and  temperatures.  Its  smell 
temperature  between  160°  and  170°  Its  is  pungent  and  disagreeable.  It  is  co- 
specific  gravity  is  about  1.5.  It  may  be  lourless,  and  bums  with  a  purplish-blue 
distilled  without  change,  but  undergoes  flame,  but  extinguishes  burning  bodies, 
decomposition  at  a  red  heat.  It  may  be  One  hundred  cubic  inches  of  it  weigh 
mixed  with  alcohol,  ether,  and  oDs,  but  about  $5  grains.    It  is  soluble  in  water 
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ad  akohol,  the  fonner  of  which  tikes  an  inch  and  a  half  diameter,  a  little  in- 

ep  about   four   and  a  half   times   its  dined,  across  a  chafing-dish,  and  nearly 

fohmie,    and  the    latter   twenty-three  fill  it  with  small  pieces  of  charcoal  wdl 

limes.    It  has  been  reduced  to  the  liquid  burned,  and  quite  firee  from  moisture. 

itit«  by  a  pressure  equivalent  to  that  of  To  the  higher  end  adapt  a  glass  tube 

IS  atmospheres.  filled  with    small    pieces    of  sulphur. 

When  mixed  with  oxygen  it  may  be  which  may  be  pushed  forward  by  means 

exploded  by  the  electric  spark.    It  re-  of  a  wire  passing  through  a  cort  which 

quffes  twice  its  volume  of  that  nis  for  must  be  made  carefully  to  exclude  the 

irs  complete  combustion ;  and  the  pro-  air.    To  the  opposite  end  a  bent  glass 

ducts  are  two  volumes  of  carbonic  acid  tube  must  be  adjusted,  which  must  pass 

and  one  volume  of  nitrogen.    Now,  200  down  below  the  surface  of  some  water 

cubic  inches  of  carbonic  acid  contain,  contained  in  a  bottle.    When  the  fire  in 

u  we  have  seen  {§  161),  25.4  grains  of  the  chafing-dish  has  been  lighted,  and 

carbon,  and  100  cubic  inches  of  nitro-  the  centre  of  the  tube  become  red  hot, 

gen    weigh    29.7   grains,    making  the  the  sulphur  must  be  thrust  forward  into 

woglit  of  1 00  cubic  inches  of  cyanogen  contact  with  the  ignited  charcoal ;  and 

55.1  ^rrains,   and  agreeing  very  closely  immediately  bubbles  of  gas  will  escape 

with  Its  weight,  as  before  stated,  from  from  under  the  water  in  the  bottle,  and 

experiment ;  there  is,  therefore,  no  diffi-  a  vapour  will  appear  which  will  con- 

enity   in   concluding  that  it  is  a  com-  dense  under  the  water  into  a  liquid.    It 

pound  of  may  be  rectified,  or  obtained  quite  pure, 

2  equivalents  carbon    •    .  12  by  re-distiJling  it  at  a  heat  not  exceed- 

1         ditto      nitrogen.    .  14  ing  1 1 0°  Fah.,  in  a  glass  retort  contain- 

—  ing  a  little  muriate  of  lime  (or  chloride 

and  fliat  its  combining  propor-l  ^^  of  calcium),  to  retain  any  water  with 

tion  is j  which  it  may  be  mixed. 

The  cartniret  of  nitrogen,  although  a  (§  175.)    The  sulphuret  of  carbon 

compound  bochr,  has  the  sin^ar  pro-  thus  obtained  is  a  perfectly  colourless 

petty    of  combining    with    elementary  and  transparent  fluid.  Its  taste  is  acrid, 

substances  in  a  manner  perfectly  ana-  pungent,  and  somewhat  aromatic:  its 

loeous  to  that  of  the  simple  gaseous  smeU  nauseous  and  fetid  in  a  very  high 

bodies  which  we  have  previously  exa-  degree.     It  is  very  volatile,  and  boils  at 

mined.     Thus,  like  chlorine,  it  forms  common    atmospheric    pressure    at    a 

icids  by  combining  both  with  oxygen  temperature  not  exceedmg   110°  Fah. 

and  hydrogen  ;  and  it  is  on  account  of  It  has  never  been  congealed  by  the 

this  analozy  that  the  appellation  of  cy-  lowest  artificial  temperature.  It  is  highly 

oftogen*  has  l^een  conferred  upon  it.  inflammable,  and  it  bums  with  a  blue 

The  consideration  of  these  triple  com-  flame,  emitting  copious  fumes  of  sul- 

pounds  we  must  refer  to  a  future  chap-  phurous  acid.    No  moisture  whatever 

ter.     We  may  here  remark  that  carbon  is  deposited  upon  cold  glass  during  its 

is,  of  an  the  elementary  substances,  the  combustion,  which  is  sufficient  proof 

only  one    which  is  disposed  to  form  that  it  contains  no  hydrogen.    It  mixes 

triple  combinations.    One  of  these  we  readily  with  alcohol  and  ether,  but  not 

have  described  in  the  hydro- carburet  of  with  water ;   the  latter  precipitates  it 

ekiorine  (§  \63),    The  combinations  of  from    either    of  the  former  mixtures. 

cyanogen    (termed   cyanurets)    afford  Owing  to  its  extreme  volatility,  it  has 

other  instances  of  this  tendency,  and  we  been  employed  to  produce  great  degrees 

shall  find  that  they  abound  in  the  pro-  of  cold.    A  thermometer  whose  bulb  has 

ducts  of  the  animal  and  vegetable  parts  been  covered  with  lint,  and  moistened 

of  creation.  with  it,  will  sink  rapidly  from  60°  to  0° 

Fah. ;  and,  by  a  little  management  under 

Carbon  and  Sulphur.  the  exhausted  receiver  of  an  air-pump, 

Sulphuret  of  Carbcm, — 38.  may  be  made  to  fall  to  even  70°  or  80° 

(I  C.  6  -H  2  S.  32.)  below  0° ;  so  that  mercuiy  may  be  rea- 

^t^.^xrt                  J11!               u  dily  frozen  by  its  evaporation.    The  re- 

(§  1/4.)  Carbon  and  sulphur  may  be  ^^^^  ^^  ^  ^^^^^^^  ^n^,    i3      ^,^^  ^j^ 

made  to  combine  by  the  following  pro-  remarkable  fluid  to  be  composed  of 

cess  i—Place  an  earthen  tube,  of  about  i  equivalent  of  carbon  .    .    6 

2        ditto         sulphur      .  32 

*  Froa  tiro  Oraak  words,  •ifnifjinf  X^t formation  ..^ 

•/  Mae :  the  tenniufttion  in  gtn^  shewiDg  ;tt  ref«r-  r^rv 

cset  to  hjdrofes,  oxffeB,  fcc,  ^^ 
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SiLiooN.— «.}  (ubside,  which,  utter  pouring  off  the 

rt  176.)   Although  sUicon.  in  eom-    UquW^whicih  covers  it.  musT  be  tho- 

LUon  with  oxygen,U  oneof  the  most  ^"^^S^^^ttu  Se.?  it  «^  th^nS 
abundant  substances  in  nature,  so  much    *^  periecuy  lasteiess .  «  musi  men  ue 

so  as  to  entitle  it  to  be  considered  the  '^r.  ,„  .  ca^  *k...  ..kf.ii,.<i/i :.  .  ~^ 

basis  of  the  inorganic,  as  carbon  is  of  fA  whi  e  aSt^^s  Zde?  w^ 

the  organic,  creatipi,.  it  is  only  veiy  M^Sh  be?w^^^^ 

lately  that  the  art  of  chem  stry  has  sue-  '?S'*  "'"?.  °f 'w|e]» '"«  nngers.   "**Pf- 

ceedk  in  separating  it  in  small  quan-  «««  S^^l^y  «  f\  }^  "  •"«»»'''«'  "| 

titles,  liy  difficult  an^  complicated^pro-  «»'«''•  '^^  '^  "".t  o^^f^  "P«>°  ^^  "»?  *^ 

cessei.  These  are  dependLt  upon  the  £*^P'*^  *T°'h  h^VkTs'*'/ J!? 
nronerties  of  substances  which  have  not  •*  hereafter  described.  When  first  pre- 
PS'^rdeSd.Td  wSh'^i  th^^^^    P«^.  and  minutely  divid«l.  it  is  t&« 

selves  of  extraordinary  character,  and  gP ''J^^  hi  ?W  CX^uS'^ 
we  shaU  therefore  defer  the  details  of    P"*  '«''   ^^   ^   ^*»1**"«    '^'"^  *»■ 

d^*toS""°"  ""  *"'  *""  ^  ^^^  ""'  (5*^80.)  Silex.   in  combination  «it)i 

/A  i^\  QiMr.^^  K««  Ko«,  rJxi.inA/1  Si  thc  fixcd  alkalics.  forms  the  basis  of  tint 

thffiif';3id%'Tdi*nt"SStS  mestimal^e oroduct of art-.W  Wh« 

state,  of  a  dark  brown  colour.  and*with.  °^f,  P'^  of  veiy  pute  sand  «  igmled 

out  metallic  lustre.    It  does  not  conduct  *»"»  *«*  .">[  cwljonate  of  potash,  a 

electricity,  and  is  incombustible  either  ^r^^j"? i"  *^°""*^V''h!.*A    ""^  !**'; 

in  air  or  oxviren  «as     It  may  be  ex-  '*'*'  ^  deliquesces  (attracts  moisture) 

posed  to  the  strongest   heat   without  "  "»*  "j'"-    When  these  proportions  m 

Ling  or  „nd«goinrany  other  change.  "^'S^^jlS'-^pP;:^^  ^r.TLt 

;iSr  rxid:T;5Si^°X?"^  iter  r  pn,duct  iP-sohible  i,  w^ 

union  with  its  oxygen,    Al  hough  much  »'»^  "^  *''!K"*'"'!,f  w^i ,   .1^*"^°'  ^» 

uncertainty  still  prevails  in  aU  experi-  T'^l^  "t^^I^X^^'^^ 

ments  witfi  this  difficultly-obtained  ele-  «'««•     I'^uP^J^'y  fe  LX"-^*^ 

ment  there  is  reasot.  to  sLpose  that,  m  Fr«?iSL^"^tf  b^Sfe  S 

the  state  of  oxide,  it  IS  combined  With  Its  *'•  "**""*"^»^"*«^         ^^          ^u  ^       T 

•  1  i.    *                   J  au  i.  •*  made  of  impure  materials ;  such  as  sand. 

own  weififht  of  oxveen,  and  that  itsequi-  •"*r^"»  »uipM»v. »««»       .,'    . »         *»«*««t 

valent  L  8            J^^    *                      ^  which  contains  a  considerable  propor- 

*  lion  of  iron,  and  the  commonest  kind  of 

Silicon  and  Oxygen.  soda,  called  kelp.      Window-glass    is 

Oxide  of  Silicon  or  Silex.^U.  ^^f  ^^  P"}^^  *'kali,  and  sand  which  is 

a     J-     n  a  ^  ®^            ^^^" »  *"           plate-glass  the 

(I  8.  8  + 1  O.  8.)  utmost  care  is  taken  to  provide  both  the 

((  1 78.)  SiLBx  enters  into  the  comppsi-  materials  in  their  purest  forms, 
tion  of  most  earthy  minerals,  and  exists 

in  a  state  of  almost  perfect  purity,  in  n  ^ 
the  form  of  colourless  rock-cry statj  or                         Boron.    6.  ? 
crystals  of  quartz.     Bv  heating  these  ($  181.)  When  equal  parts  of  the  metal 
substances  red-hot,  and  throwing  them  putastium,  and  very  pure  boracic  acid, 
into  water,  they  may  be  disintegri^ted  are  heated  together  in  a  copper  tube,  at 
and  reduced  to  tine  powder,  by  pound-  a  temperature  of  about  302^  Fahrenheit, 
ing.    Sufficiently  pure  silex  may  also  be  they  suddenly  become    red  hot :    the 
obtained  by  ealcining  common  flints  at  inetal  disappears,  and,  when  the  product 
a  low  red  heat.  They  may  then  be  easily  has  been  washed  with  warm  water,  a 
reduced  to  powder.    In  this  state  they  greenish-brown  or  olive-coloured  sub- 
must  be  mixed  with  four  times  their  stance  is  obtained,  which  is  boron, 
weight  of  carbonate  of  potash,  and  fused       ((   189.)    U    is  insoluble  in   water, 
in  a  crucible,  by  a  strong  red  heat.    A  tasteless,  and  does  not  affect  the  colour 
strong  effervescence  wul  take  place ;  of  blue  vegetables.    It  may  be  exposed 
after  which  the  heat  must  be  urged  till  to  the  strongest  heat  in  close  vessels 
the  materials  enter  into  complete  and  without  undergoing  any  change  ;  but 
quiet  fusion.    The  compound  may  be  when  heated  to  about  60 u°  Fahrenheit  in 
dissolved,  when  cold,  in  water ;  and  the  the  open  air,  it  bums  vividly,  aijsorbs 
alkaline  solution,  alter  flltration,dropped  oxygen,  and  is  converted  into  boracic 
gradually  into  diluted  sulphuric  or  mu-  acid.    It  is  a  non-conductor  of  elec- 
riatic  acid.  An  abundant  precipitate  will  tricity.             ; 
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BOBON  Aim   OltYOBN* 

Boradc  Acid. — 22. 
0  B.  6+2  0.  16.) 

(}  183.)  Thbrb  is  considerable  discre- 

Sancy  in  the  results  of  experiments  uppn 
le  quantity  of  oxygen  which  is  absorbed 
by  boron  during  its  combustion ;  but 
there  is  reason  to  think  that  1 00  grains 
condense  266.6  grtiins  of  that  gas,  which 
is  in  the  proportion  of  6  to  16 :  so. that, 
supposing  the  acid  to  be  a  compound  of 
two  equivalents  of  oxygen*  the  nqmber 
for  boron  will  be  6,  and  that  for  the 
add  22.  Boracic  acid  may  be  obtained 
by  dissolving  a  ffiven  weight  of  a  salt 
palled  bor^sQ  (wnich  is  imported  from 
India  in  a  rough  state  uqder  the  name 
of  tincal)  in  boiUng  water ;  and  adding 
half  its  weight  of  sulphuric  acid,  pre- 
viously diluted  with  an  equal  Quantity 
of  water.  Upon  evaporation  of  the  solu- 
tion and  cooling,  shuini^,  scaly  crystals 
will  be  precipitated,  which  is  the  sub- 
stance in  question.  It  is  also  found  na- 
tive in  the  nei^bourhood  of  volcanoes. 
($  184.)  It  IS  destitute  of  smell,  %nd 
possesses  very  little  taste.  It  is  spar- 
ingly soluble  m  water,  and  the  solution 
reddens  vegetable  blue  polours;  apdt 
what  is  very  singular,  it  also  reddens  the 
yellow  colour  of  turmeric  in  the  manner 
of  alkalies.  It  is  soluble  in  alcohol,  and 
communicates  a  beautiful  green  colour 
to  its  flame.  It  fuses  when  heated,  and 
gives  otf  its  water  of  crystallization  to 
the  amount  of  about  44  parts  in  the 


(lundred.    It  icj  iher^ore  probable  that 
the  crystallized  acid  is  ppmposefi  of 
.   1  equivalent  acid  .        .    ^2 

2  ditto  of  water  .        .18 
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Chapter  V. 

On  the  further  Combinations  of  the 
preceding  Adda  and  Salifiable  Bate : 
or  ScUts  of  Ammonia. 

($  185.)  As  it  is  by  no  means  our  ob- 
ject to  compile  a  systemof  chemistry  for 
proficients  in  the  science,  in  which  order 
and  perfect  arrangement  would  l>e  one 
of  tne  most  essential  considerations, 
but  rather  to  lead  the  mind  of  the  stu- 
dent by  degrees  from  the  simpler  to 
understand  the  more  complex  pheno- 
mena of  Nature,  we  here  deem  it  right 
to  pause,  and  offer  a  brief  retrospect  of 
the  progress  which  we  have  made;  from 
which  it  may  be  hoped,  that  the  facts 
already  stated,  and  which  it  is  of  the 
utmost  importance  to  recollect  with 
readiness,  may  be  more  surely  fixed 
upon  the  mind.  Our  attention  has 
hitherto  been  directed  to  the  properties 
of  twelve  non^metallic  elements,  or  sub- 
stances, which  have  resisted  all  attempts 
to  decompose  them,  and  their  binary 
compounds  with  one  another.  The 
arrangement  which  we  have  adopted 
with  regard  to  the  former,  and  the  sim- 
ple equivalent  proportiuns  in  which  they 
combine  together,  will  readily  be  recalled 
by  the  means  of  the  following  Table :— - 


TABLE   I. 


NON-MBTALLIC   BLBMBNTS. 


Eleetio-NefatiTa. 


B 

t 

S 


Eleetro-PontiTt. 


o 


S 


Aeiifonyi .  • 


VolitUf , . 


Oxygen 


Chlorine 

Bronline 
Iodine  . 


F|Z?d 


•  1 1  •  \ 


»^ 


»     •     •     • 


•     •     • 


8 


.  36 

.  75 
.124 


Hydrogen 
Nitrogen 


Carbon. 

Silicon 
BoroQ 


1 
14 


Sulphur  •  •  .  16 
FhoMphorus  .  .12 
Se^nium    •     •     .  40 


6 

8 
6 
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In  Table  IT.  we  have  arranged  the  is  stated,  and  the  equivalent  nmnber  o! 

binary  compounds  of  the  foregoing^  ele-  each  compound  is  added  to  it,  shewing 

ment  in  three  divisions,  viz..  the  Acid,  the  in  what  proportion  it  would  enter  into 

Alkaline  or  Basic,  and  the  Neutral.  The  any  further  combination, 
proportions  in  which  they  are  combined 

TABLE  II. 

BINARY   COMPOUNDS    OF  THE  NON-METALLIC   ELEMENTS. 


-a 


Acid. 


I  Hrdrogrn 
Ditto 

1  KitTO|(en 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 

1  Chloriae 

Ditto 

Ditto 

Ditto 

DiUo 
4  Ditto 

1  Bromine 
Ditto 

1  Iodine 
Ditto 
3  Ditto 


1  Oxygen 
3  Ditto 


I  Oxyffen 
S  Ditto 

Ditto 

Ditto 

Ditto 

Hydrogen 


1  Oxygen 

4  Dirto 

5  Ditto 
8  Ditto 
1  Hydrogen 

-4-  I  Nitrogen 

4-  5  Oxygen 
4-  I  Hydrogen 


t 


5  Oxygen 
I  Hydrogen 
1  Nitrogen 


I 


Solphar 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Phosphomt 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 


+  3 
--3 
"1 


Oxygen 

Ditto 

Ditto 


-  -  5  Ditto 


--I 
--1 


Hydrogen 
Ditto 


9 

1 
I 
I 
1  Ditto 


I  Chlorine 

I  Oxygen 
9  Ditto 
1  Ditto 
9  Hydrogen 
1  Ditto 
1  Chlorine 
9  Ditto 


1  Selenium     -f*  ^  Oxygen 


Caiiion 

Ditto 

Ditto 

Eitto 

Eitto 

ritto 

Eitto 

Eitto 


4-  I  Oxygen 


1  Eitto 
1  Silicon 
1  Boron 


--9 

--9 
--9 
--1 
--3 
--1 

tl 


Ditto 

Hydrogen 

Ditto 

Chlorine 

Ditto 

Ditto 

Nitrogen 

Sulphur 


+  I  Oxygen 
-f*  9  Oxygen 


AUCALtlTB 

OB  Basic. 


NBcrmjuu 


Hjrpo-Nitrous  Acid  88 

Nitrons  Acid  .     46 

Nitric  Acid.         .         .    64 


Chloric  Acid  76 

Perchloric  Acid         .  100 
Muriatic  Acid  37 


Bromie  Acid  115 

Hydro-Bromte  Acid  76 

Iodic  Acid           .  .  164 

Hydriodic  Acid  .  .  195 


Snlphuroui  Acid.         .  89 

Sulphuric  Acid  .  40 

Hypo-Sulphurous  Acid  94 

Hypo  Sulphuric  Acid  .  i9 

Sulphuretted  Hydrogen  17 

Bisalphnretted  Ditto    .  38 


Phosphoroas  Acid        .     90 
Phosphoric  Aril.  98 

Hypo-phosphoroos  Acid  39 


AmnuNii»17 


Selenio  Acid 


56 


Carbonic  Acid 


99 


Boracic  Acid 


99 


Water 

Peroxide  of  Hydrogen    . 

Protoxide  of  Nitrogen  . 
Deotoxide  of  Nitrog'en  • 


I; 

17 


Protoxide  of  Chlorine 
Peroxide  of  Ditto 


Chloride  of  Nitrogen     . 


Iodide  of  NitTCfea 


Chloride  of  Sulphur 


Protophosphnretted  Hydrogen  14 
Per-phosphuretted  H]rmt>fra  13 
Proto  Chloride  of  Phospboras  48 
Per-Chloride  of  Ditto     .         .   84 


Carbonic  Oxide    . 

Sub-Carburet  ted  Hydrofen 
Carbaretted  Hydrogen  . 
Chloride  of  Carbon 
Per-Chloride  of  Carbon 
Sub-Chloride  of  Carbon 
Cyanogen    . 
Sulphuret  of  Carbon 

Silex   .... 


14 

I 

14. 

91 


IC 


(}  186.)  The  union  of  substances  of 
the  first  division  with  those  of  the  second, 
(that  is  to  say,  of  acids  with  bases), 
gives  rise  to  a  very  important  class  of 
compounds,  to  which  the  sreneral  name 
of  salts  has  been  given.    The  chemical 


nomenclature  distinguishes  them  by 
changing  into  ate  the  termination  of  the 
acids  ending  in  ic,  or  those  which  con- 
tain the  largest  proportion  of  oxygen 
a  60);  and  into  ite,  the  termination  in  (m$ 
denotuig  an  inferior  proportion :  as  ni- 
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Ink  firom  nitric,  nitnle  from  nitrout 
acid,  or  sulpho/e  from  sulphunc,  and  sul- 
|hile  from  mulphurou*  acid,  and  placing 
t  before  the  name  of  the  alkali,  as  the 
wItnU  of  ammonia,  the  sulphtte  of 
nunoiua.  See.  The  general  d^ignation 
if  ialiJkMe  bage  is  also  given  to  any 
My  which  forms  a  salt  hy  combination 
with  an  add. 

The  salifiable  bases  are  not  only  dis- 
fiDgmshed  by  their  propertjr  of  saturat- 
■g  the  acids,  but  also  of  being  liberatcMl 
TOB  thdr  combinations  at  \&  negative 
pole  of  the  voltaic  battery,  when  ex- 
posed to  the  repulsive  power  of  elec- 
oie^,  while  the  adds  appear  at  the 
positive  pole. 

The  only  saifiable  base  which  is 
finned  by  the  binary  combinations  of 
te  non-metaUic  dements  is  ammonia, 
or,  as  it  is  sometimes  called,  the  volatile 
afcali. 

In  the  third  division  of  the  above  table 
tbere  are  three  compounds  which  enter, 
in  the  manner  of  elementary  substances, 
iato  comi>osition  with  other  bodies ;  these 
are,  water,  silez,  and  cyanogen.  To  this 
property  of  the  latter  body  we  have  be- 
m  alluded  (&  173),  and  the  nature  of 
its  compounds  will  be  hereafter  more 
fidly  investigated. 

Of  the  combination  of  water  in  defi- 
■ite  prop<n1ions  with  other  bodies,  we 
have  given  examples  as  forming  the 
water  of  crystallizaiion  in  salts  (I  81), 
which  b  essential  to  their  constitution 
as  crystals  ;  and  as  a  necessary  con- 
stituent of  the  hydro-acids,  as  the  nydro- 
nitric  ((  72)  and  Ay£{ro- sulphuric  acids 
(§118).  To  the  remaining  definite 
compounds  of  water  with  different 
9aiijable  base$  the  term  hydrates  has 
been  applied  In  most  of  them  it  loses 
its  fluid  form,  becomes  fixed,  and  is 
often  retained  hy  so  powerful  an  affi- 
nity. a.s  not  to  be  separated  l>y  the  appli- 
cation of  the  most  violent  heat :  of  this 
9peae%  of  combination  numy  examples 
will  occur  in  the  sequel. 

With  regard  to  the  third  neutral  body, 
ftilex,  the  nature  of  its  union  with  other 
substances  is  less  understood  than  that 
of  anv  other  dass  of  compounds.  They 
are  chiefly  found  in  the  mineral  king- 
dom, and  will  be  carefully  examined 
when  we  come  to  treat  of  the  analysis 
of  minerale.  It  has  sometimes  been 
raolced  with  the  acids,  or  electro- 
neicative  compounds,  on  account  of  its 
afioities  Ixfin^  cliiefly  exerted  upon  dif- 
ferent iMses  hereafter  to  be  described^ 


Its  few  artificial  combmations,  of  which 
glass  is  the  most  important,  but  which, 
according[  to  the  account  which  we  have 
already  given  of  its  composition  (§  180), 
we  are  not  at  present  warranted  in  class- 
ing with  the  definite  compounds,  will  be 
noticed  in  the  succession  of  the  difiTerent 
bodies  with  which  it  unites. 

Before  we  continue  our  account  of 
the  simple  substances,  by  proceeding  to 
enumerate  the  properties  of  the  me- 
tallic elements,  we  deem  it  most  condu- 
cive to  our  purpose,  to  describe  the 
combination  of  the  preceding  acids  with 
ammonia,  and  briefly  to  pomt  out  the 
properties  of  such  of  the  salts  of 
this  base  as  possess  any  interest,  or 
whose  composition  is  sufiociently  under- 
stood. 

It  may,  perhaps,  be  objected  to  this 
arrangement,  that  we  shall  thus  separate 
the  ammoniacal  salts  from  the  great  dass 
of  saline  bodies,  which  are  senerally  and 
conveniently  arranged  together ;  but,  in- 
dependently of  certain  peculiarities 
which  might  authorise  such  a  sepa- 
ration, and  which  will  he  hereafter 
pointed  out,  we  deem  it  justified  by  the 
facilities  which  it  affords  for  illustration, 
and  for  the  gradual  application  of  the 
first  elements  of  the  science,  of  which  it 
is  our  principal  aim  to  render  the  ac- 
quirement as  easy  as  possible. 

The  preceding  details  having  strongly 
illustrated  the  fundamental  law  of  che- 
mical composition,  that  the  equivalent 
numbers  of  the  simple  substances,  or 
their  multiples,  are  preserved  in  dl  their 
combinations  with  each  other,  the  no 
less  important  remark  will  now  be  es- 
tablished, that  when  any  body  is  com- 
pounded of  two  or  more  elements,  and 
enters  into  union  with  another  body,  the 
sum  of  the  equivalents  of  such  elements 
will  give  the  number  denoting  the  pro- 
portion in  which  it  will  so  combine 
($  27) :  a  strong  confirmation  is  thus 
incidentally  afforded  of  the  value  of  the 
equivalents  previously  determined. 

($  187.)  The  salts  of  ammonia  are  dis- 
tinguished as  a  class,  by  being  all  vola^ 
tile,  or  decomposable  by  a  strong  heat. 
If  the  acid  with  which  this  base  is  com- 
bined be  volatile,  the  salt  will  he  sub- 
limed without  chan^ ;  but  if  it  be  fixed, 
the  ammonia  will  fly  off,  and  the  acid 
remain.  Their  taste  is,  in  general,  hot 
and  biting;  and  they  all  emit  the  well- 
known  smell  of  the  volatile  alkali,  when 

/nixed  with  caustic  lime, 

El 


ftO  CfiEMISTRT. 

Nitrate  of  Ammonicu^Anhydrous  71,  rough  way.  For  thU  imrpose  two  wMe- 
Crystdlized  80.  mouthed  bottles  may  be  fitted  together, 
(1  N.  54  +  1  A.  17  +  1  W.  9.)  ly  grinding  in  such  a  way  that  one  mg 
^             ^                       3  ^  stand  mverted  upon  the  mouth  of  the 
(5  188.)  The  composition  and  decom-  ^ther.    One  of  these  may  be  filled  with 
position  of  this  salt  have  been  ah-eady  chlorine,  and  placed  with  its  mouth  up- 
described,  for  the  purpose  of  illustration  ^grds,  covered  with  a  ground  disk  of 
(J  80).    It  readily  deliquiatjBS  (attracts  gj^gg^   The  other  may  be  filled  with  am- 
moisture  from  the  air) ;  and  its  most  im-  monia,  by  holding  it  over  a  tube  pro- 
portant  property  is  that  of  yielding  the  ceeding  from  another  bottle  contiuiiing 
protoxide  ot  nitrogen  when  decomposed  ^  mixture  of  sal  ammoniac  and  lime 
by  heat  ($  61).  heated.    The  ammonia,  as  it  rises,  wiU 
kuriaite  of  Ammonia.— Anhydrous  54.  displace  the  common  ak,  and  it  m^  be 
Crystallized  63.  known  to  be  full  by  the  escape  of  the 
/iiwr  Q7  /i  A  17  a.  1  w  9  ^  pungent  gas.    The  bottle  may  then  be 
(1  M.  37  +  1  A.  17  +  1  W.  9.)  ^fuUy  placed,  with  its  mouth  ahf^ 

gl89.)  MuRiATB  of  ammonia  may  be    kept  downwards,    upon  the  bottle  of 
rmed  by  mixing,  over  mercury,  equal    chlorine,  after  removing   the   disik  of 
yolumes  of  ammonia  and  muriatic  acid    glass,  and  the  position  of  the  two  dex- 
gases,  which  will  be  entirely  condensed    terously  reversed.    The  heavy  chlorine 
mto  a  white  solid,  which  is  the  anhy-    and  the  light  ammonia  will  rush  in  op- 
drous  salt ;  or  it  may  be  produced  by    posite  directions,  and  unite  with  the  ex* 
neutralizing  a  solution  of  ammonia  with    frication  of  fiame. 
solution  of  muriatic  acid.    Upon  eva-       Muriate  of  ammonia  is  used  in  the 
poration,  the  salt  will  be  obtained  in    ^rts  for  various  purposes,  and,  ajnoDg|ii 
crystals    containing,    in  addition,    one    others,  for  preventing  the  oudation  of 
equivalent  of  water.    It  b  in  this  state    the  surface  of  copper  in  tinning.    Dk 
that  it  is  found  in  commerce  imder  the    aqua  regia  of  commerce,  for  the  toln- 
name  of  sal  ammoniac ;  and  it  is  manu-    tion  of  gold,  is  formed  by  dbsolying  9A 
ftictured  in  abundance,  by  a  complicated    ammonwc  in  nitric  acid, 
process,  from  bones  and  other  refuse  Hydriodate  of  Ammonia.— U2, 

animal  matters.  ^    /i  w  lo/i  a.  i  A   %9\ 

The  salt  possesses  a  pungent  saline  (i  n.  IZ4  +  i  a.  ly.; 

taste :  it  is  readily  soluble  in  water,  pro-  (j  190.)  Wb  have  shown  (j  112)  that 
ducing  a  considerable  reduction  of  tem-  when  iodine  is  kept  in  a  solution  of  am- 
perature ;  and  boiling  water  dissolves  monia,  a  new  elective  affinity  is  brdu^ 
more  than  cold,  the  excess  being  depo-  into  action ;  part  of  it  unites  with  the 
iiteid  in  crystals  as  the  solution  cools,  nitrogen  of  that  compound,  and  is  pre- 
It  sublimes,  without  undergoing  any  dpitated  in  the  form  of  a  brown  f^owdeft 
change,  at  a  temperature  below  r^ness.  while  another  part  combines  with  the 
It  may  be  passed,  without  alteration,  hydrogen,  and  produces  the  hydrio- 
throueh  glass  or  earthenware  tubes  die  acid,  which  further  neutralizes  any 
heated  to  redness  ;  but,  when  transmit-  excess  of  the  alkali,  and  forms  hydrio- 
led  over  ignited  metals,  it  is  resolved  date  of  ammonia.  This  salt  may  also 
into  its  gaseous  elements.  be  formed  by  mixing  the  aqueous  solii- 

The  action  of  chlorine  upon  ammonia  tions  of  the  acid  and  the  base.  It  ciy^ 
affords  a  singularlj^  beautiful  instance  tallizes  in  the  form  of  cubes ;  is  mote 
of  the  play  of  chemical  affinities.  When  soluble  than  the  muriate  of  ammonia ; 
these  two  gases  are  suddenly  mixed,  they  and,  like  it,  may  be  sublimed  in  ctose 
act  so  powerfully  on  each  other,  that  a  vessels  without  change.  It  is  composed 
flash  of  white  light  accompanies  the  of  equal  volumes  of  nydriodic  acid  and 
mixture ;  and  when  in  the  proportion  of  ammoniacal  gases, 
one  part  of  the  former  to  three  of  the  o../r»A.-/^/>/'  j^^,.^^ 

latter,  muriate  of  ammonia  and  nitit)gen      ,  ^  ^^"'^Tf,  a^      ,  a   ,,. 
are  the  products.     The  chlorine  takes     ^^V^rous  49.— (1  S.  32  +  1  A.  17.) 
hydrogen  from  one  portion  of  the  am-    Crystallized  107.— (2  S.64  +  2  A.34  + 
monia,  liberating  its  nitro^n,  and  forms  1  W.  9.) 

muriatic  acid,  which  combines  with  the  (6  191.)  This  salt  may  be  produced  bf 
remainder  of  the  ammonia  to  produce  tne  direct  combination  of  its  acid  am 
the  salt  The  experiment  is  very  striking,    base.    It  crystidlizes  in  prisms ;  its  tasti 

and  not  difficult  of  performance  in  a   b  cool,  and  leaves  a  flavour  of  sulpW 
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in  the  mouth.    It  is  soluble  in  its  own  mixed   over   mercury   with   twice  its 

weiglit  of  cold  water,  producing  a  con-  volume  of  ammonia,  complete  conden- 

siderable    depression    of   temperature,  sation  takes  place,  and  a  dry,  white, 

Its  solubility  increases  with  heat,  and  a  volatile  powder  is  produced,    llie  taste 

saturated  boiling  solution  crystallizes  on  and  smetl  *of  this  salt  are  the  same  as 

cooling.     It  rapidly  attracts  moisture  those  of  ammonia,  but  not  so  pungent 

and  oigrgen  from  the  air,  and  is  soon  It  converts  the  blue  colour  of  ve^tablea 

converted  into  a  sulphate.  to  ^een.    Hot  water  dissolves  lia  own 

e*»7«A^#^  r.^  j«M«»/M.«v.  weight  of  it,  and  it  is  soluble  in  rather 

Stt^hate  of  Anmonta.  j^^  ^y^^^  ^^j^  j^^  ^^^^^  ^^  ^j^  ^^^^ 

Dry  66.-^l  S.  40  +  1  A.  17  + 1 W.  9.)  It  speedily  evaporates  when  heated ;  and 

CffitaUized  75.-(l  S.  40  +  1  A.  17  +  ^^®V<^"«  .^^P^  *^S  J^°»°°^,  ^^?^ 

2  W.  18  )  '^^  ^^  residual  salt  is  found  to  contam 

^          .   '        ..    *        •  «  *  larger  proportion  of  carbonic  acid. 

(§  192.)  This  salt  may  be  formed  by  «     «-    r 

nentn^ng  ammonia  with  sulphuric  BioarbonoUe  of  Ammonia. 

acid,  or  by  the  decomposition  of  either  r»^,.*^ii.--,^  « » 

the  muriate  or  carbonate  of  ammonia  Lry$taU%zed  79. 

by  the  same  acid,  which  has  a  superior  (2  C.  44  +  I  A.  17  +  2  W.  18.) 

affinity  for  the  base.    It  orstallizes  in  ^j  ^^^^  ^^^^  ^  ^„^„t  ^^  cBihomQ 

small  prisms ;  has  a  sharp  .bitter  taste ;  3^^^^        ^3  ^^^  ^           ^      ^^  ^  ^ 

IS  soluble  in  twice  ite  weirfit  of  cold,  ^^^^^  ^^  carbonateTf  ammoW,  the 

and  m  its  own  weight  of  boding  water ;  ^ase  unites  with  a  further  equivalent  of 

and  slowly  attract moistmrefromtheaff.  the  acid,  and  a  distinct  salt  is  formed. 

The  crystals  contain  t^o  eqmvalente  of  ^^^  ^^  ^^^^^^^^  j^       ^   evaporated, 

wat«r  one  pf  which  may  be  expelled^  it  may  be  obtained  5  ciystalT which 

carehil  drying  but  the  other  caiinot  b€  Yik^^  ^^  ^^^U^  ^^         li^fle  taste.  The 

faven  off  without  decomposing  ttie  salt  3^^  ^^It  is  also  formed  when  gaseous 

It  IS  chiefly  used  for  the  mani^actoe  of  carbonic  acid  and  ammonia  are  made  to 

Ml  anmomac,  which  is  obtamed  ^  sub-  act  on  each  other  when  toater  is  preseni. 

hmation  from  a  mixture  of  sulphate  of  x^g  ^^id  g^  far  overcomes  the  dasti- 

ammonia  and  common  salt.  city  of  the  gas.  which  prevents  any  fur- 

HudroiulphaU^  of  Amnumia.'-^.  «»«»•  coml)inaUon.  when  unopposed,  m 

/ii[Ti'7iAf9\  ^  enable  it  to  umte  with  another  equi- 

(lU.  1 7  +  1  A.  I7.>  ^jjgjj^  ^^  ^^g  3^j .  aff^jjpjjing  ^n  iUustra- 

(§  193.)  When  currents  of  snlphutttted  tion  of  the  general  observation  which 

hydrogen  and   ammonia  are  made  to  we  have  XDBde  ($}  3. 15),  that  the  repul- 

pass  together  into  a  vessel  kept  cool  by  give  power  prevailing  in  aeriform  flutda 

ice,    they  combme,    and   the  product  is  opposed  to  chemicud  attraction, 

crystallizes   in  transparent,  colourless  (^196.)  Salts  which  are  thus  consti- 

needles.    This  salt  is  probably  composed  tuted  of  two  equivalents  of  their  acid 

of  an  equivalent  of  each  ingredient    It  are  distinguished  by  the  Greek  numeral 

is  very  volatile,  and,  when  kept  in  ^ass,  Bi  (two)  prefixed  to  their  names, 
sradually  sublimes  to  the  top  of  the 

Vessel.    The  same  salt  may  be  obtained  Sesqui-Carbonate  of  Ammonia. 

m  solution,  by  passing  a  current  of  sul-  Crystallized  118. 

phuretted  hydrogen  into  liquid  ammonia.  ^o  n  ««  ^  o  a  «.•      nw  lov 

It  assumes  very  soon  a  greenish-yellow  (3  C.  66  +  2  A.  34  +  2  W.  18.) 

colour.    It  is  much  employed,  as  will  (^  197.)  Anothbr  compound  of  carbo- 

be  hereafter  seen,  as  a  test  ror  metals  in  mc  acid  and  ammonia  is  known,  and 

solution.  commonly  met  with  in  commerce,  under 

Carbonate  of  Ammonia.^39.  the  name  of  aurbonate  of  ammonia.    R 

v.urcA/r«**c  uj  ^7/w«/7w«.— «  ^  Obtained,  by  subhmahon,  from  a  mix- 

(1  C.  22  +  1  A.  17.)  ture  of  muriate  of  ammonia  and  chalk. 

(J  194.)    When  dry  carbonic  acid  is  When  fresh  prepared  it  is  of  a  crystal- 
line texture,  and  semi-transparent,  hard 


•  The  chemical  nomencUtore  it  impetfect  with     and  COmpact     ItS  Smdl  isj>ungent ;  itS 


.  Analysb  has  proved 

tions  01  tuMontted  hrcunoftiit  wiUi  laitiaan  PSMt.  ^      .,  ^; _•  c-w^u.^-.  ^~«a«.«. 
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lents  of  the  former  to  two  of  the  latter,  recognised  amounts  to  about  forty,  and 

By  exposure  to  the  air  it  gradually  loses  for  Sie  purpose  of  facilitating  the  ac* 

weight,  by  throwing  off  one  equivalent  quirement,    retention,  and   application 

of  its  acid  and  its  base,  and  becomes  of  a  knowledge  of  their  properties,  it 

conyerted  into  the  tasteless,  inodorous  will  be  proper  to  divide  them  into  dif- 

M-carbonate.  ferent  orders  or  groups. 

($  198.)    To  distinguish  this  constitu-  With  this  view,  a  convenient,  though 

tion  of  a  salt  in  the  proportion  of  one  by  no  means  a  perfect,  arrangement 

Bnd  a  half  e(]uivalent  of  acid  to  one  of  may  be  formed  upon  the  different  force 

base  (which  is  not  a  common  occur-  of   their  affinity  for    oxygen;    which 

^rence)  the  term  sesqui  is  prefixed  to  its  varies  so  greatly,  that  at  one  extremity 

name*.  of  the  scale  the  gaseous  element  is  ca- 

(&  199.)    All  the  other  acids  named  pable  of  being  driven  oft*  by  the  mere 

in  the  preceding  table,  form  distinct  and  application  of  heat ;  while  at  the  other 

well-characterized  salts,  by  combining  it  is  so  strongly  retained,  as  to  require 

in  the  proportion  of  their  equivalents,  the  utmost  power  of  the  voltaic  pile  to 

and  sometimes  of  their  multiples,  with  effect  its  separation.    By  classinjj  them 

ammonia ;  but  they  are  not  of  import-  in  this  way,  we  shall  have  the  incidental 

ance  enough  to  our  object  to  require  advantage  of  separating  those  whicfag 

minute  description.  generally'  speaking,  have  been  longest 

p              ^  known,  and  are  most  eminently  endovfed 

Chapter  VI.  ^j^jj  ^j^^  characters  of  the  genus,  and  of 

On  the  Metals,  t/ie  Oxides  of  which  are  most  value  for  all  the  common  purpoiei 

reducible  by  mere  Heat,  of  life,  from  those  which  are  tlie  ihiiti 

Mercury,             Rhodium,  of  recent  disoovoies,  and,  in  their  me- 

Silver,                 Iridium,  tallic  state,  useless,  except  in  the  handi 

Gold,                   Osmium,  of  the  scientific  experimentalist. 

Platinum,            Nickel,  Our  first  division  consists  of  fhoR 

Palladium,  metals,  whose  oxides  are  reducible  lo 

and  their  Binary  Compounds,  the  metallic  state  by  the  api>lication  of 

($  200.)    The    metallic    elements,    to  heat  alone.    Tliese  are  nine  in  numbci; 

which  we  are  now  about  to  direct  our  viz..  Mercury,  Silver,  Gold,  Plattnain, 

attention,    form    a    highly   interesting  Palladium,  Rhodium,  Iridium,  Osmium, 

class ;  and  are  connected  together  by  and  Nickel.    On  account  of  their  mst 

certain  physical  properties,  which  are  inalterability,  they  have  been  popuTarlj 

common  to  them  all.  designated  as  Noble  Metals,  Their  pro- 

They  are  opaque,    and   possess    a  perties  we  shall  proceed  to  investigatf^ 

lustre,  even  in  their  minutest  fragments,  and  those  of  such  of  their  binary  com- 

80  peculiar  as  to  be  well  known  to  every  pounds  as  are  calculated  to  interest  and 

one  by  the  name  of  the  metallic  lustre,  mstruct. 

They  are  fusible  at  different  degrees  of  Mercury.— 200. 

heat,    and  when  melted    retain    their  /•  on,  >,    \/t                         •  i    -i        - 

opacity  and  brilhancy.  H  201  )    Mercury,  or  quicksilver,  » 


lent  mirrors.   "They  are  yeiy  good  con-  "O"  below  fco  of  Fahrenheit,  a  degree  of 

ductors  both  of  electricity  an^  Reat.  They  9°^  "^^^^K  sometime,  occurs  naturdlr 

belong  to  the  class  of  electro-positive  "^.Yfyl^S^  polar  latitudes,  it  beconw 

elements;  passing,  when  subjected  to  «ol«>-    "  ?»n  al.o  be  congealed  by  •ri^ 

the  decomposing  power  of  electricity.  fl«al  ^reeang  mixture^  and  the  evapo- 

to  the  neg^ive  i^le.  from  all  their  coii!  r"''""  «^  s"Ipl>uret  of  carbon  (}  174) 

binations  with  oxygen,  chlorine,  bromine.  '?  ••*  •! *?""™  ,f  V]  "''-?"'»?•    ["  *'>^ 

and  iodine.    Thev  possess,  indifferent  ^uu  A 'L"'^*'''''''*;  '"^  may  be  cu^ 

degrees,  a  peculiar    tenacity;    which,  '"/ha^^rafe.    Its  colour  is  white,  b^ 

when  in  its  greatest  perfection   rendera  '^^J  ^^'^^'.  <lia»»  'hat  of  silver:    iti 

them  malleable  md.^tile.  or  capable  ?P^'*'*'  f  ?T"y  "^^K  *''°'*  *^  '?  "'."^ 

of  being  extended  under  the  hammer  '?.  *"'**''?•  •"»<'  •'*  vapour  nses  in 

aod  drawn  into  wire  ^'''^'  quantities,  even  at  the  commoa 

The  number  of  'metals    at  present  w'^P*'^'"r*..°J[  'l'^  ^".\,  ^'  *'?*»"'  *"! 
*  Fahrenheit  it  bods  rapidly,  and  may  be 

*  A  Ltiia  mni,  dawtug  the  whole  of .  tUiw  purified  by  distillation. 
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f  ities,  in  the  metallic  slate ;  but  the  ore  equivalent  of  each :  but  the  proto-chld- 

from  which  it  is  chiefly  extracted  is  a  ride  ma^  more  easily  be  obtained,  by 

siilphuret,    commonly  known    by  the  pouring  into  the  solution  of  the  metal 

name  of  cinnabar.  m  nitric  acid  a  solution  of  common  salt 

Its  combining  proportion,  or  equi-  or  muriatic  acid.    It  is  precipitated  in 

Talent   number,   is   Known   from   the  the  form  of  a  ponderous,  white  powder, 

analysis  of  its  binary  compounds,  of  which  must  be  washed  and  dned  at  a 

which  we  shaU  proc^d  to  give,  some  gentle  heat.    Proto-chloride  of  mercury, 

account  or  calomel,  has  a  specific  gravity  of  7M ; 

Mercury  and  Oxygen.  »*  js  tasteless,  and  nearly  insoluble  in 

„    .     . ,     -  -^  ^^a  water.  When  exposed  to  heat,  it  subhmea 

Protoxide  of  Mercury. --'20$.  unaltered :  when  scratched,  it  exhibits  a 

(1  M.  200+ 1  O.  8.)  yellow  streak,  which  may  distinguish  it 

a  202.;  Wb  have  akeady  stated  (}  23),    ^^,  ^^^^^  ^'P^j^V,   ^*  constitutes  a 
that  when  mercury  is  violently  agitated,    ^eH-Known  and  highly  useful  medicine. 

for  a  long  time,  in  contact  with  atmos-  BuchloHde  of  Mercury. ^272. 

pheric  aur,  it  combines  with  its  oxygen.  "^  ^ 

and  becomes  converted  into  a  black,  in-  (1  M.  200+2  C.  72.) 

sipid,  insoluble  powder,  which  consists  (X  205.)    When  mercury  is  heated  in 

of  200  parts  of  metal  and  8  of  oxygen,  chlorine,  the  two   bodies  combine  to- 

This  protoxide  may  more  readily  be  oh-  «ether  with  a  pale  flame,  in  the  piopor- 

tained  by  triturating  m  a  mortar  calo-  gon  of  one  equivalent  of  the  former  and 

mel,  with  a  solution  of  pure  potash  or  two  of  the  latter.    The  bichloride,  which 

hot  hme-water.     It  must  be  washed  ia  also  well  known  by  the  name  of  corro- 

with  cold  water,  and  graduaUy  dned  m  ^„^  sublimate,  is  prepared  for  medici- 

a  dM-k  place,  as  with  access  of  hght  nal  purposes  by  intimately  mixing  to- 

and  heat  it  rapidly  resolves  itself  mto  the  gether  73  parts  of  sulphate  of  mercmy 

peroxide  and  metaUic  mereurv.  (formed  by  boiling  together  to  dryness 

This  oxide,  if  exposed  to  the  air  at  a  50  parts  of  mercury  with  70  of  suJphu- 

moderate  heat,  absorbs  a  further  pro-  ri©  acid)  with  120  parts  of  common 

portion  of  oxygen ;  but  if  distilled  m  a  gait,  and  subliming.    When  thus  ob- 

glass  retort  its  oxygen  la  evolved.  tained.  it  is  of  a  crystalline  texture, 

Per-oxide  of  Mercury.— 216.  coloiurless,  and  semi-transparent.    It  is 

(1  M  200+20  16)  soluble  in  water,  and  highly  poisonous* 


Dumose  mercury,  and   the   naixture  sublime^}. 


!♦  ;«^r  «  •^  «,.i^»*   ay>A  ««^^««pV    the    proto-chloride  will  be    obtained; 
It  is  of  a  red  colour,  and  spanngly    ^^^  ^^^^   j^  ^  common  way  of  pre^ 


inaiysis  proves,  inai  u  contains  jusi  t    -.^^L:-- 

Jouble  the  quanHty  of  oxygen  in  the  "^  ^M™ng- 
l>rotoxide.  or  8  parts  in  every  108.  Mercury  and  Sulphur* 

Both  the  oxides  of  mercury  combine       Protosulpburet  of  Mercury.— 2X6, 
frith  the  acids,  and  constitute  «a/^a6/tf  ^    **  ^^«  .  ,  «   ,^v 

^^o,  (1  M.  200+1  S.  16.) 

Mercury  and  Chlorine.  <*  206.)    By  long  continued  trituration 

misK^uKy  APii^  v.*ii-v«in«  together,  mercury  apd  sulphur  combme 

Proto-chhnde  of  Mercury. -2Z6.  j^^^^^  proportion  of  one  equivalent  of 

(I  M.  200+1  C.  36.)  ^ach^  andiorm  a  black-coloured  powder. 

§  204.)     When  chlorine  is  brought  The  same  proto-sulphuret  may  also  be 

nto  contact  with  mercury,  at  common  obtained  by  transmitting  a  current  of 

Umoepheric  ienweraturet,  the  two  sub-  sulphuretted  hydto^  \\MWsi^g^  ^^Vsst^ 

rtances  oombine  in theproporf ion  d  one  in  which  powtecfA  cii«itf^^>J«\N  «»• 
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pended.   When  exposed  to  heat,  it  is  combination  with  oxygen  by  dissolving 

resolved  into  the  bi-sulphuret  and  me-  it  in  nitric  acid,  and  mixing  the  solution 

tailic  mercury.  with   lime-water.     After  washing  the 

(I  M.  200+2  S.  32.)  It  i8  of  an  oUve  colour,  insoluble  in 

(§307.)    When  mercury  and  sulphur  water,  and  tasteless*    When  heated  to 

are  fused  together,  and  afterwards  sub-  redness  the  oxyeen  is  driven  off,  and 

^med,  a  red  sulphuret  is  formed,  which  the  metal  revived.    It  is  composed  of 

is  known  as  a  fine  pigment  by  the  names  110  parts  of  the  metal  and  8  of  oxygen. 

q(  cinnabar  or  vermilion.    It  contains  It  combines  with  the  acids, 
exactly  double  the  proportion  of  sulphur 

in  the  preceding  sulphuret  It  may  also  Silybr  and  Ghlorinb. 

be  prepared  by  pouring  a  solution  of  m,i    -^ 

Qorrosive  subhmateinto  a  solution  of  Chhrtde  of  Silver. — 146. 

hydro-sulphate  of  ammonia    ($  193).  (i  S.  llO+l  C.  36.) 

lUie  precipitate  which  is  ol)tain^  is  at 

first  of  a  muddy-brown  colour,    but,  (^  210.)    Silver  combines  with  dilo- 

when  left  undisturbed,    gradually  as-  rme,  and  forms  a  compound  well  known 

mimes  the  bright  colour  of  cinnabar.    It  by  the  name  of  horn-silver.    It  may  be 

is  fi-omthis  compound,  found  in  nature,  conveniently  formed  by  adding  a  mIo- 

that  the  mercury  of  commerce  is  pro-  tion  of  ^ver  in  nitric  acid  to  a  solutkia 

oored.    By  mixing  it  with  iron-fihngs  of  common  salt.     The  white  preoin* 

and  heating  it,  the  sulphur  passes  to  tate,  which  is  the  chloride  of  silver,  u- 

the  iron,  and  the  mercury  is  obtained  comes  dark  and  finally  black,  if  8X« 

by  distillation.  posed  to  light,   and  especially  to  ths 

direct  rays  of  the  sim.  It  is  extremdf 
Silver.— no.  insoluble  in  water,  but  readily  tak«i 
(5  208.)  Silver  is  one  of  the  metals  "P  by  ammonia.  When  heated  to  addl 
which  have  been  longest  known  to  the  "d>  ^  »  silver  crucible,  it  melU ;  M, 
inhabitants  of  the  earth.  It  is  of  a  <>"  cooling,  forms  a  semi-transpmsl 
beautiful  white  colour  and  great  lustre,  sifbstance  not  unlike  horn.  Whai 
Its  specific  gravity  is  10.5,  and  in  ^sed  with  twice  its  weight  of  POtaA 
malleability  and  ductiU^  it  exceeds  all  or  soda  it  is  decomposed,  and  a  f^obule 
metals  except  gold.  It  may  be  ex-  of  pure  silver  obtained.  A  mixture  of 
tended  into  leaves,  not  exceeding  jjihzz^h  chloride  of  silver,  chalk,  and  pearl-ash, 
of  an  inch  in  thickness,  and  drawn  into  «  employed  for  silvering  brass:  snek 
wire  finer  than  a  human  hair.  Its  fusing  m  thermometer-scales,  clock-diak,  &c. 
point,  measured  by  DanielVs  pyrometer.  The  metal  is  rendered  verv  clean,  and 
upon  Fahrenheit's  scale,  is  about  2233o.  the  mixture  moistened  with  water  wefl 
It  may  be  volatilized  by  a  very  strong  rubbed  upon  its  surface.  The  results 
and  long-continued  heat.  When  cooled  of  the  most  careful  analyses  have  proved 
slowly,  and  the  liquid  part  of  the  metal  it  to  be  constituted  of  one  equivalent  of 
poured  off,  as  soon  as  the  surface  has  each  of  its  ingredients, 
congealed,  it  may  be  obtained  in  crys- 
tals. Its  uses  for  money  and  for  oma-  Sulphur  and  Silvkr. 
mental  articles  of  luxury  are  well  known,  Sulphuret  of  SUver.^l  26. 
for  which  purposes  it  is  well  adapted  bv  «  « 
its  great  inalterabUity ;  but  it  is  alwavs  (^  ^'  ^^^+^  ^"'  ^^•> 
aUoyed  with  other  metals,  and  generally  (§211.)  When  thin  plates  of  tihrcr 
with  copper.  The  tarnish  which  affects  and  sulphur  are  laid  altemately  abofe 
U  anses  from  sulphureous  vapours,  not  each  other  in  a  crucible,  they  combine 
from  oxidation.  together  at  a  low  red  heat.  The  sol- 
It  IS  found  in  silver  mines,  in  the  phuret  is  of  a  black  colour,  and  capable 
metallic  state,  and  also  in  combination  of  being  cut  with  a  knife.  It  is  mudi 
with  other  metals  and  with  sulphur.  more  fusible  .than  the  metal.  When 
o  _  strongly  heated,  the  sulphur  is  slowly 
Silver  and  Oxygen.  subUmed  from  it,  and  leaves  the  silver 
Oxide  of  Silver. — 118.  in  purity.  It  is  often  found  native  ia 
(ISIIO+IOS)  ^  mines.  The  same  compound  is  also 
^nitn^  a  '  J  produccd  whcu  sulphuretted  hydnMsea 
^ao9.)   Silver  may  be  obtained  in  or  hydro-sulphate   of  ammm^iy    gn 
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added  to  the  lolutions  of  the  metal.  Gold  and  Oxyoxn.^ 

It  is  a  compound  of  1  equivalent  of  ^  «,^  ^   \,                ,  ,  .     ' 

the  metal  and  1  of  sulphur,  ^.  ^J^  •>    Much  uncertainty  still  exists 

with  regard  to  the  combinations  of  gold 

SiLVBR  AND  Mebcuey.  with  oxygen.    When  a  strong  electric 

>i«./>/«.^  o^  fl.7«^     o  1 A  ''*°^*^  *^  passed  througji  a  fine  gold  wire 

Amaigam  qf  8$lver.-^lO.  „  when  in  the  state  of  thin  leaf  it  is 

(1  S.  110+1  M,  200.)  exposed  to  a  strong  current  of  eleo- 


definite  compounds,  and  may  be  "*t?     i/l?°L^'    ,    ^  • 

obtained  in  crystals,  while  others  par-  .   ^'  *^*°  ^  dissolved  m  a  mixture  of 

take  more  of  the  nature  of  sohitions,  "^o  measures  of  muriatic  and  one  of 

They  are  generally  soft  solids,  of  the  ™!"?  f^^^  ™  solution  may  be  evapo- 

consistency  of  butter.  ^a4uJ^^^^  ^l  ]"-  ™^«J?te  Jieat, 

Silver  .  •«       -     -.  ..-  —  *         i 

mercury, 

heat  is  produced 


mercuiy  are  kneaded  together  in  the  oia  moderate  heat,  a  reddish  yellow- 

hand.     It  is  sometimes  found  native  ^^l?^^    precipitate  will    be  formed, 

and  oystalliied;   in  which   state  its  "^^^T-  »»  ^»?^^  ^^^  ^^.^^e  »«*«?» 

analysis  has  sl^own  it  to  be  composed  ^^^^^^  witJi  a  portion  of  water.    It 

of  mercuiy  64.  and  sUver  36-which  is  ^^J  .J>e  jendered  anhydrous  by  bwlmsf, 

ahnost   exactly   in   proportion    of  an  "?  "     t?.  *?«""?«?  *.  browmsh-black 

equivalent  of  each.   At  a  moderate  heat  colour.    It  is  insoluble  in  water,  and  it 

the  mercury  evaporates  and  leaves  the  P?*^.^u.   ^**  oxygen  by  exposure  to 

silver.  "olar  lieht,  or  at  a  red  heat    It  is  most 

It  is    sometunes   employed  for    an  P^i^^^^  *  ^^'S^^fi  nnj?  ^^Sl"*^*  ?' 

inferior  kind  of  platingf  for  this  pur-  ^"f,^^««*  ^^  g?i^  200.  and  3  equi- 

pose  it  is  appUed  to  the  iurface  of  wp.  ^^il  ^^  ,;W^  24.  makmg  its  num- 
per.  and  the  mercury  being  driven  off   ^^^'    ^^  **  **^®"  "P  ^  »®"«  ®^  *• 

Dv  heat,  the  remaining  sflver  is  bur-  ■*^""' 

™^'  Gold  and  Chlorine. 

Gold.— 200.  (j  215.)     Thb  same  dem-ee  of  uncer- 

(§213.)     Gold,   when  pure,  is  of  a  *»;"<y  ^^l  with  regard  to  the  chlo- 

yellow  colour,  and  possesses  a  specifk;  ™^  **  *o  the  oxides  of  gold.  Gold  leaf 

gravity  of  about  19.3.    It  exceeds  all  introduced  into  chlorine  gas  takes  fire 

other  metals  in  ductility  and  maUea-  and  burns;  and  if  it  be  suspended  in 

bili^.    It  may  be  beaten  into  leaves  ^^^^r,  into  which  the  gas  is  passed,  it 

fiiijth  of  an  inch  in  thickness;  and  a  "  dissolved,  and  the  solution  may  be 

vwe  of  only  li^Bths  of  an  inch  diameter  concentrated  by  evaporation.  The  solu- 

will   sustain  a  weight  of  ISOlbs.    Its  !»on  obtained  jn  the  manner  directed 

melting  point  is  about  2590**  of  Fahren-  "*  "*«  ^**t  section,  consists  also.  mc»st 

heifs  scale.  It  is  perfectly  unchanged  by  probably,    of  the    same  per  chlorit  le, 

fire  with  access  of  air,  and  the  intense  5y  exposure  to  a  moderate  lieat  it  parts 

heat  of  a  glass-Kbuse  fiimace  has  no  ^^^^  twc^thirds  of  its  chlorine,  and  is 

other  effect  upon  it  than  to  keep  it  in  <^nv€Tted  mto  a  yellow  insoluble  proto- 

fiision.    It  is  not  acted  upon  by  any  chlonde. 

solvent,  except  a  mixture  of  muriatic  Gold  and  Sulphub. 

and  nitric  acids,  or  the  aqua  regia  be-  n^  -.i^*.,^-^  ^r  /a«w     o  o 

fore  described  (§  189).     Ite  greS  value  Per-sulphuret  qf  Oold.-^2^B. 

for  the  purposes  of  coin,  when  slightly  ^^  ^-  2^0+3  S.  48.) 

alloyed  with  other  metals,  is  well  known.  ($  216.)    Sulphur,  even  when  assisted 

Fh)m  its  ^at  beauty,  inalterability,  cy  heat,  has  no  action  on  gold;  but 

and  lustre,  it  is  dso  in  the  highest  re-  when  a  current  of  sulphuretted  hVdro- 

quest  for  purposes  of  luxury  and  or-  gen  is  passed  through  a  solution  of  that 

nament.     It   has  ^hitherto  only  been  metal,   a  black  precipitate  is  formed, 

found  in  nature  in  the  metallic  state,  which  is  a  true  sulphuret  of  gold.    The 

either  pure  or  ip  ^mbination  with  other  sulphur*may  easily  be  expelled  from  this 

mf^tnHB,  combination  bfh^   Uv&^xK^^vaV^V 
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1  equiyalent  gold     •    •    •  200  and  16  oxygen.    It  is  the  basis  of  tbe 

3  ditto  sulphur    ....    48  sslts  of  this  metal 

248  Platinum  and  Chlorine. 

Gorn  a™  MniicnaY  ($220.)  PLATINUM  does  not  take  fire 

IxOLD  AND  MERCURY.  ^j^^^  introduced  in  thin  leaves  into  chlo- 

Amalgam  of  Gold,  rine,  but  it  slowly  combfnes  withv  the 

(J  21 7.)    Mercury  dissolves  gold  with  gas,  and  is  converted  into  a  chloride. 

greatTacility  ;  and  the  amalgam  is  used,  The  chloride  is  also  formed  by  its  solu- 

m  the  arts,  for  gilding.    When  applied  tion  in  the  nitro-mmiatic  acid.    The  so- 

upon  the  surface  of  the  metals  the  mer-  lution  should  be  evaporated  to  dryness, 

cury  is  driven  off  by  heat,  and  a  thin  and  then  digested  with  muriatic  add, 

coating  of  gold  remains :  the  process  which  should  also  be  driven  off.    The 

is  called  water-gilding.    The  amalgam  diy  mass  may  then  he  cautiously  heated 

may  be  obtained  in  crystals,  in  which  nearly  to  redness.    Being  boUed  with 

case  there  can  be  no  doubt  that  it  is  a  a  considerable  quantity  of  water,  and, 

definite  compound.  finally,  dried,  the  mass  is  most  proba- 
bly a  chloride  of  platinum. 

Platinum.— 96.  It  is  of  an  olive  colour,  and  destitute 

(§  218.)     Platinum,   although    only  of  taste  and  smelL    It  is  infusible,  and 

found  in  the  metallic  state,  is  compara-  scarcely  soluble  in  water.  When  heated 

tively  but  a  late  discovery.  The  general  to  redness,  the  chlorine  is  driven  off, 

appearance  of  it  in  the  rough  state,  in  and  the  pure  metal  remains.    It  is  oom- 

wmchitis  brought  to  this  country,  is  posed  of  about 

that  of  small  grains  or  scales,  darker  P«ti 

than  silver,  and  extremely  heavy.  Platinum        .        •        .        •    96 

When  purified  it  is  of  a  white  colour.  Chlorine         .        •        •        .36 

lighter  than  that  of  iron,  and  exceeding  ■ 

all  other  metals  in  specific  gravity :  it  138 
being  21 .5,  and  the  most  ponderous  of 

all  known  substances.    It  is  extremely  _                         ^ 

difficult  of  fusion,  but  may  be  melted  by  Platinum  and  Sulphur. 


incipient  fusion  takes  place,  which  covers  glass  tube,  and  heating  them  together. 

Its  surface  with  a  kind  of  varnish,  so  ¥he  mass  should  be  finflly  heated  neariy 

that,    when   brought,  into  contact  m  to  redness,  to  expel  every  thing  volatili 

this  sta  e,  different  pieces  may  be  per-  xhe  sulphuret  thus  formed  is  of  a  dull 

manently  united  by  forging.     In  this  bluish-grey  colour.    It  has  no  lustre, 

manner  it  can  be  hammered  into  bars,  but  whin  rubbed  on  paper  it  leaves  a 

and  afterwards  beat  out  into  plates  or  metallic  stain.  Its  analysiTnearly  corre- 

leaves  for  different  purposes    of  art  spends  with  the  assumption  thiditisa 

Like  gold.  It  is  insoluble  m  any  acid  compound  of  one  equivalent  of  each  in- 

except  a  mixture  of  the  muriatic  and  g^edient,  or 

^^\      1  ♦  1    u^^«  f      A-iy      •    •  Platinum        •        •       .        .96 

It  has  lately  been  found  m  Russia  m  Sulphur          .                •             16 

considerable  quantities,   and  employed  •        .        •        • 

for  the  purposes  of  coin,  for  which  it  is  i  .a 
well  adapted. 

Platinum  and  Oxygen.  Palladium.— 56. 

(§  219.)  CoNsiDBRABLB  Uncertainty  (}  222.)  The  four  followmg  metals  were 
exists  with  regard  to  the  oxides  of  pla-  all  first  found  amongst  the  erains  of 
tinura.  The  metal  cannot  be  made  to  rough  platinum,  imported  into  this  coon- 
combine  with  oxygen  by  the  strongest  try  from  South  America,  and  their  dis^ 
heat  of  the  best  furnaces.  When  it  covery  soon  followed  the  establishmoit 
has  been  dissolved  in  a  mixture  of  of  that  metal  as  a  distinct  species.  Palla- 
muriatic  and  nitric  acids,  a  precipitate  dium  resembles  platinum  m  colour,  ex- 
may  be  formed  by  adding  to  the  solu-  cept  that  it  is  a  little  duller.  It  is  mal- 
tion  either  soda  or  potash,  which  is  leable  and  ductile,  and  its  specific  ffra* 
saJd  to  be  consiitated  of  about  96  metal  vity  is  about  U.5.    Its  point  of  *^-^— 
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Appears  to  be  intermediate  between  those  blin^  plambago,  which  consists  of  a 

of  platinum  and  gold.   In  hardness,  it  is  mixture  of  the  metals  iridium  and  os- 

superior  to  wrought  iron.    On  exposure  mium.   By  alternate  and  frequent  diges- 

to  a  strong  heat  it  tarnishes  a  little,  but  tions  in  soda  and  muriatic  acid  the  two 

it  l>ecome8  bright  again  upon  increasing  may  be  separated. 

the  temperature.    It  is  acted  upon  by  Iridium  is  white,  and  has  only  once 

the  nitric,  nitrous,  sulphiuic,  and  muria-  been  fused,  by  the  power  of  an  immense 

tic  acids,  but  is  most  readily  soluble  in  galvanic  battery,  into  a  porous  metdlic 

the  nitro-muriatic.  globule,  which  possessed  the  high  speci- 

•Da,,  .^.rr^  .«.^  rk«.v^»«*  "C  gravity  of  18.6.    It  may  readi^  be 

Palladium  and  Oxyobn.  ^^^^  J^^  ^^^^^  ^^^^^  J^^     , j[  ^^ 

(§  223.)Palladi  um  is  thrown  down  from  tarns  its  colour  and  malleabiUty.  though 
its  solution  by  potash  m  the  state  of  an  mixed  with  a  considerable  proportion, 
oxide  of  an  orange  colour,  which  IS  sup-  its  most  marked  character  is  its  ex- 
posed to  be  a  compound  of  tremely  difficult  solubility  in  acids. 
1  eguivalent  palladium  .  56  ($  227.)  Osmium  can  only  be  obtained 
1  ditto  oxygen        .        .        .8  ^m  metal  in  a  ^integjrated  state ;  as  it 

—  is  capal)le  of  supportmg  a  white  heat, 

^    .     .     ^  .       ,^              ^^  without  being  volatilized  or  fused.    It  is 

and  IS  the  basis  of  its  salts.            —  of  a  dark-grey  or  blue  colour.  If  ignited 

Pai  f  AniTTif  Awn  SiTLPnnn  ^"  <^P®"  ves«««,  with  access  of  air,  it  is 

Palladium  and  Sulphur.  oxidized,  and  then  dissipated  in  vapour. 

Suiphuret  of  Palladiwn.—n.  On  agitating  the  metal  with  mercury,  an 

(1  P  56  +  1  S.  16  )  amalgam  is  formed,  and  with  copper, 

,                    ,'    /  silver,    and  gold,   it  forms  malleable 

(}  224.)  Althouoh  palladium  requires  alloys. 

such  a  strong  heat  for  its  fusion,  if  lie  pure  oxide  is  soluble  in  water  and 

touched  when  hot  with  a  piece  of  sul-  volatile.     It  emits  a  peculiar   odour, 

phur,  it  runs  like  lead.    The  suiphuret  ^j^joh  has  something  of  the  pungency  of 

IS  whiter  than  the  metal,  but  very  brittle,  chlorine,  from  whence    it  denves  its 

It  is  composed  of  name*.  The  aqueous  solution  is  colour- 

1  ec|uWalent  palladium  .       .    56  \^^  .  ^nd,  when  shaken  with  mercury, 

1  ditto  sulphur        .        .        .16  |g  decomposed,  soon  loses  its  smell,  and 

Zl  forms  an  amalgam. 

72  ^ 

—  NiCKBL.— ^0.  ? 

RHODIUM.-44.  ?  ^j  228.)  Thbrb  is  a  brittle  reddish  alloy, 

(§225.)  Rhodium  has  only  been  pro-  which  is  known  in  commerce  by  the 

cured  in  very  minute  quantities,  from  the  name  of  $peis9^  which  is  chiefly  a  com- 

solutions  of  crude  platinum,  in  the  form  pound  of  nickel  and  ai^enic;  from  which, 

of  a  black  powder,  which  requires  the  by  particular  treatment,  the  former  metal 

strongest  heat  of  a  wind  furnace  for  its  may  be  obtained  in  a  state  of  purity.  Its 

fusion.    When  fused,    it  has  a  white  colour  is  white,  and  intermediate  be- 

colour  and  metallic  lustre :  it  is  hard,  tween  those  of  silver  and  tin.    When 

brittle,  and  its  specific  gravity  is  about  jpited,  its  colour  changes  to  bronse. 

11.    It  is  not  acted  upon  by  any  acid  or  ft  will  receive  a  very  high  polish,  is  ytrj 

mixture  of  acids,  except  when  alloyed  malleable,  and  may  be  forged,  when  hot, 

with  other  metals,  in  combination  with  into  bars ;  and  when  cold,  may  be  ham* 

which,  it  mav  be  dbsolved  by  the  nitro-  mered  into  plates,  and  drawn  into  fine 

muriatic  acid.    Its  solution,  when  freed  wire.    Its  specific  gravity  is  8.5.    It  is 

from  the  metals  with  which  it  is  mixed,  attracted  by  the  magnet,  and  is  itself 

is  of  a  rose  colour  (from  whence  it  de-  capable  of  having  the  magnetic  power 

rives  its  name)  ;  and  pure  potash  preci-  communicated  to  if.    It  is  fusible  with 

pitates  from  it  a  yellow  oxide,  which  is  great  difficulty.    It  suffers  no  chang[e 

soluble  in  all  the  acids  which  have  been  at  common  temperatures  from  either  air 

tried.  or  water ;  but  by  a  long  exposure  to  a 

Iridium  and  Osmium.  «^  heat,  with  free  access  of  air,  it  is 

.    «    V  ,.T        *!.        J     1  *•  ...^  k.-  converted  mto  a  brown  oxide,  which  is 

(}  226.)  When  tl^«  f«<J«  pl^*^"?™.,^  stUl  magnetic. 

been  submitted  to  the  action  of  mtro-  ^^ 

muriatic  ackl,apart  remains  undissolved,    • 

in  tbt  fomi  of  a  black  powder,  reaem-  •  Ttm  aQiM!k^irartk,fi)«v&ftt%«A^^« 
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($  229.)  Therb  is,  probably,  more  than 
one  oxide  of  nickel;  but  some  uncer- 
tainty exists  with  regard  to  their  consti- 
tution. The  pietal  bums  vividly,  and 
throws  out  sparks  in  oxj^gen  gas.  It 
may  also  be  precipitated,  in  the  state  of 
oxide,  firom  its  solution  in  nitric  acid  by 
potash.  The  protoxide  b  calculated  to 
DC  composed  of 

I  equivalent  of  nickel  •    •    30 
1        ditto        oxygen     •      8 


38 


R  is  soluble  in  the  acids,  and  also  in 
ammonia,  which  latter  proper^  is  made 
use  of  to  separate  it  from  u*on.  At 
a  sufficiently  hip:h  temperature  all  its 
(Hddes  are  reducible  without  addition. 

Chaptxr  VII. 

On  the  Metal*  ichich  absorb  and  retain 
Osygen  at  high  temperatures^  but  do 
not  decompose  toater  at  any  tengse^ 
rature. 
Lead,  Uranium, 

Tellurium,  Antimony, 

Copper,  Columbium, 

Bismuth,  Tungsten, 

7\tanium,  Chromium, 

Cobalt,  Molybdenum, 

Cerium,  Arsenic, 

and  their  Binary  confounds, 

($230.)  The  preceding  division  of  the 
ipetals  includes  all  those  whose  affinity 
for  oxygen  is  so  slight,  that  any  con- 
nexion which  they  form  with  it  is  dis- 
solved by  the  mere  application  of  a  high 
degree  of  temperature.  We  shaU  now 
proceed  to  examine  those  which  absorb 
and  retain  oxy^n  at  high  temperatures, 
but  whose  affimty  for  that  element  is  not 
sufficient  to  enable  them  to  decompose 
water  at  any  temperature.  The  list  con- 
sists of  fourteen,  viz. — Lead,  Tellurium, 
Copper,  Bismuth,  Utanium,  Cobalt. 
Cerium,  Uranium,  Antimony,  Colum- 
bium,  Tungsten,  Chromium*  Molyb- 
denum, and  Arsenic. 

Lead. — 104. 

($  231.)  Lead  is  a  common,  useful,  and 
well-known  metal.  When  pure  it  has  a 
bluish-white  colour,  and,  wnen  recently 
melted  or  cut,  exhibits  considerable 
lustre.  It,  however,  very  soon  tarnishes. 
It  is  very  soft  and  flexible.  Its  specific 
gravity  is  11.3.  It  may  be  beaten  into 
thin  leaves,  and  drawn  into  wire.  Its 
meeting  point  is  about  610P  of  Fahren- 


heit It  i^  vay  rardv  indeed  met  vitb 
in  nature  in  the  metallic  state ;  but  the 
ore  from  which  \i  is  chiefly  deriv^  is  % 
sulphuret. 

Lead  and  Oxyobit. 

Protoxide  of  Lead. — 1 12. 
(1  L.  1Q4  +  1  O.  8J 

($'232.)  Lead  absorbs  oxygen  qnieldy 
at  high  tempen^ur^ ;  and,  w)ieii  fiised 
in  open  vessels,  ^  |^r^  iiUp  fprnui  upon 
its  surfiice,  which  is  a  miztor^  of  the 
metal  and  protoipde.  3y  coatiimiiie  the 
heat  it  assumes  a  upiform  y^pw  c<4o^t 
In  this  state  the  protoxide  is  c^M^  in 
conunerce,  massicot;  ^nd,  when  pfr- 
tially  melted,  the  term  litharge  is  i^ 
plied  to  it  When  thus  obtained,  how- 
ever, it  is  always  impure. 

When  a  solution  of  lead  in  nitric  add 
is  precipitated  by  potash,  the  ()|i^  pow- 
der is  the  protoxide  in  a  state  of  pnri^. 
It  has  a  yellow  colour ;  is  insc^uDfe  m 
water ;  fuses  at  a  red  heat ;  l>ut  in  dose 
vessels  is  unchangeable  in  t}i9  flie^  ft 
has  been  carefully  deterijupt^  tq'^i 
compound  of 

1  equivalent  of  lead     •    •  104 
I       ditto       Qiygen     »     ^ 

lU 

It  constitutes  the.  basis  of  the  saUs  of 
lead. 

Deutoxide  of  Lead — 238. 

(2  L.  208  +3  0.  24.) 

(6  233.)  The  deutoxide  of  lead  nuy  he 
obtained  by  exposinjg^  the  protoxide  or 
massicot  to  heat,  with  a  lai^  surfuae 
and  free  access  of  air.  It  is  then  con- 
verted into  the  well-known  pigment  red 
lead  or  minium.  At  a  red  heat  it  mm 
Qff  this  second  dose  of  oxygen,  ani 
returns  to  the  state  of  protoxicfe.  I( 
may  be  regarded  as  a  compound  of 

2  equivalents  of  lead     .    .    .  208 

3  ditto         oxygen     ^    .    24 


232 


The  simple  proportions  of  which 
1  eqmvalent  of  lead  .    •    . 
H         ditto  oxygen 
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in  which  view  the  multiple  of  the  oxygea 
of  the  first  oxide,  not  bemg  an  entire 
number,  would  form  an  exci^tion  to  the 
general  law  of  chemical  oompositiQQ. 


(1  L.  104  +  9  0. 16.)  StOpkuretof  X«idL— 120. 

(f  934.)  Wbsn  the  deutoxide  of  lead  is  (1  L.  104  +  1  8.  }6. 

^^S^^l^^^V^^fi'^P^fJ   (5237.)  Lead  readUy  combmes  with 

ll^!!^^^^^tL^^^^   '^P^^''  «^  ^*>™«  *  compound  less 
dusolYed ;  b«*  a  dwji  wown  powder  re-    f^i^^  ^^^  ^he  ^el^j  ^^  ^f  ^  metalUo 

mmt  msoluUe,  whieh IS  the  peroxide,    lustre.     It  is  found  in  nature;   and. 

It  »  eomposed  w  under  the  name  of  Galena,  constitutes 

1  equMirient  of  lead     .    .  104  the  most  abundant  ore  from  whence  the 

2  ditto        oxygen    .^  naetal  b  derived.     The  sulj[Auret  con- 

sists  of 
^^^  1  equivalent  of  l(Bad     .    .104 

1       ditto        sulphur   •    16 


;?o 


When  strongly  heated  it  gives  o£P  three 
or  four  per  cent  of  oxygen  gas,  and  is 

eoirrcrtea  into  {nrotoxide.    By  passing  a  

stream  of  chlorine  through  red  lead  dif-  m., ,  „„,„„     oo  o 

fused  in  water,  a  solution  is  obtained.  TBLLUBiUM.r-?0.  ? 

from  which  this  peroxide  may  be  preci-  (f  238.)  TsLLUiunM  is  a  metal  of  smaQ 

pitated,  in  abunoaooe.  by  potash.  importance,  found  only  in  minute  quan- 

(§  235.)  The  oxides  of  lead  are  easily  tities  in  the  gold  mines  of  Transylvania. 

vitilfied.  and  have  the  property  of  com-  Its  colour  is  l)etwee|i  those  of  pn  and 

bming  with  all  the  metals  except  gold,  lead :   it  has  considerable  lustre,  and 

s&vcr.  and  {datinum,  and  those  which  its  fracture  is  scaly.    It  is  very  Ivittle. 

an  inmd  pecuHariy  associated  with  the  and  melts  at  a  temperature  below  ig- 

btter.    Gold  and  silver  may  thus  be  nition.    It  is  the  moSt  volatile  of  idl  £e 

purified  by  mehing  them  with  lead :  the  metals  except  mercuiy,  and  may  readi^ 

process  is  called  cupeUaHon,  The  metal  be  distilled.    Its  vapour  condenses  into 

to  lie  porilled  is  wrapped  up  in  a  sheet  brilliant  metallic  drops.      Its  specific 

of  lead,  and  laid  upon  a  crucible  mad^  gravity  is  only  6.1.    ' 


ef  some  verr  porous  substance :  they  _  . 

iMlt  tofethOT.   the  lead  becomes  first  Tblluhium  and  Oxyobn. 

•xidato^  then  vitrified,  and  sinks  into  (i  239.)  Txlluritjm  is  oxidized  when 

the  cupe/.  carrying  along  with  it  all  the  heated  in  contact  with  air,  and  bums 

baser  metals,  and  leavmg  the  gold  or  with  a  sky-blue  flame,  edged  with  green, 

silver  upon  its  surface.  It  gives  off  a  ffr^  smoke,  of  a  puoflent 

Lbad  and  Chlorinb.  nauseous  smell,  which  condenses  into  a 

rklnriiL^  nf  T^foA  ^\An  whitc  oxide.  It  is  fusible  and  volatile  at 

^\TlL^i^  ^^^  temperatures.    There    are    some 

(1  L.  104  +  1  O.  36.)  doubts  with  regard  to  iU  analysis,  but  it 

Q  83a.)  Whbn  lead,  in  filings,  is  thrown  is  probably  a  compound  of 
mto  chlorine  moderately^  warmed,  the        1  equivalent  of  tellurium        •    29 
metal  bums  with  a  white  fiame,  and        1  ditto  oxygen         ...      8 
throws  off  sparks.     The  combination.  *- 

however,  may  mors  readily  be  produced  37 

for  examination  by  adding  some  common  •— 

tilt  to  a  solution  of  lead  in  nitric  acid.  It  combines  both  with  acids  and  alkalies 

The  predpitate  must  be  well  washed  in  and  other  bases, 
water,  ana  dried.  _ 

The  chloride  of  lead  has  a  sweet  taste,  Tellurium  ^nd  Hydboobn. 

sad  is  soluble  in  twenty-two  parts  of  Telluretied  Hydrogen  Gob, 

water  at  common  temperatures.    It  is    ......  - 

hisa)le  at  a  heat  bek)w  redness,  and  <§  ?^^-^  Tellurium  possesses  the  sm- 

then  assumes  the  appearance  and  con-  «^»^  ?JJP^y  ^^  combmmg  with  hydro- 

nstence  of  hom.  and  has  been  caUed  ««"• .  T^«  compound  may  be  obtained 

hmn  lead.    It  may  also  be  volatilized  ^ ^^f"^^,  together  oxide  of  teUurium. 

by  raisine  the  heat.    It  is  composed  of  "y?L    ,      ?P***..'  •"^  charcoal,  at  a^ 

1  equivalent  of  lead    .    .104  ^^]?f*^  *"?  ^^^^^^  ^P^"JJ^  mixture 

1        ditto         chlorine  .    36  ^y  **^^®  sulphunc  acid.    The  product 

IS  gaseous,  and  must  \»  T«ci^vi«i  w«t 

14Q  mercury. 
Tellorvtted  faydrogen  gMs\a  ir\t9(^\bl 
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waf  er»,  and  forms  a  claret-coloured  solu-  obtained  pure   by  keeping  the  acaks 

lion.    It  bums  with  a  bluish  flame,  and  above  described  at  a  red  heat  exposed 

deposits  the  oxide  of  the  metal.  Its  smell  to  air.    It  may  also  be  procured  br  dk' 

is  peculiar,  but  not  unlike  that  of  sul-  solving  the  metal  in  nitnc  acid,  ana  adl- 

phurettcd  hydrogen.     Like  that  com-  ing  potash ;  when  an  abundant  pfem- 

pound  it  reddens  litmus  paper,  and  may  tate  will  be  formed,  which  must  be  mi 

oe  considered  as  a  feeble  acid.  ciently  heated  to  drive  off  any  walor 

which  it  may  contain.    This  oxide  is  i 

Copper.— 64.  tasteless  black   powder,   and  la  com- 

(6  241.)  We  are  now  arrived  at  the  con-  posed  of 

sideration  of  a  metal  as  important  to  the        1  equivalent  of  copper    .        .    64 
service  of  man  as  the  last  has  hitherto        2  ditto  oxygen  .        .    IS 

proved  insignificant.    The  physical  pro-  — 

perties  of  copper  are  known  to  eveiy  one.  8t 

It  possesses  a  beautiful  red  colour,  and  '^ 

considerable  lustre.    It  has  a  peculiar       It  forms  salts  with  the  acids,  and  k 

smell  when  warmed    or  rubbed.    Its  also  soluble  in  ammonia, 
specific  gravity  is  about  8.8.    It  may  be  Copper  and  Chlorine. 

hammenkl  into  very  thin  leaves,  and  n-^^.-i/^.-^-  ^m «a« 

drawn  into  wire.    Its  melting  point  is  Protockloride  of  Copper.-^IOO. 

very  little  below  that    of  gold,   being  (I  C.  64  +  Ch.36.) 
about  2548^  of  Fahrenheirs  scale.  By  a  (}  244.)  When  copper  filings  an  Intro- 
more  violent  heat,  it  may  be  made  to  duced  into  chlorine  they  take  fire,  and  two 
boil,  and  to  evaporate  in  visible  fumes,  compounds  of  the  elements  are  pro- 
It  is  found  in  the  metallic  state  in  nature,  duced.    One  of  these  is  the  pxototiUo- 
but  the  great  source  of  its  supply  is  an  ride.    It  is  a  fixed  yellowish  substance, 
ore  in  which  the  metal  is  found  com-  slightly  transparent,  not  unlike  rosin, 
bined  with  sulphur.  and  easilv  fused.  It  may  be  oonTenientlf 
^                    ^  made  by  heating  together  two  parts  oltha 
Copper  and  Oxygen.  nerchlorideof  mercury,  and oneof  copper 
Protoxide  of  Copper. — 72.  filings.    It  is  insoluble  in  water.    jil»- 

/in  n/i-Li  n  Q\  "^^  acid  dissolves  it  without  effi 

(iVy.64-hi  u.  «.)  cence,  and  water  precipitates  it 

(§242.)  Copper  tarnishes  and  rusts  in    changed.    When  heated  to 


the  air  by  combining  with  its  oxygen,  close  vessels,  it  remains  fixed  and  un- 

The  protoxide  may  he  obtained  by  heat-  chanpd,  but  in  the  open  air  it  is  disai- 

ingtogether  to  redness,  in  a  close  vessel,  pated  with  white  fumes.     It  is  com- 

sixty-four  parts  of  metallic  copper  with  posed  of 

eighty  parts  of  the  peroxide,  which  we  1  equivalent  of  copper  .         ,     64 

shall  presently  describe.    When  a  plate  1  ditto  of  chlorine           .        .    36 

of  copper  is  expos^  for  some  time  to  —..^ 

heat  in  contact  with  air,  and  aftervirards  100 

hammered,  it  throws  off  scales,  which  

are  a  mixture  of  metallic  copper  and  Perchloride  of  Copper, — 136. 

peroxide;  and,  when  treated  as  above  /,  p  R>*a.or«K  -«  \ 

directed,  will  also  afford  the  protoxide.  ,•«,.,   il          t ,   T  r  '  ^/ 

It  is  of  a  red  colour,  and  is  com-  1*^"*^,.^?  perchlonde  of  copper  is 

posed  of  formed  by  the  action  of  chlorine  upon 

1  equivalent  of  copper    .       .    64  ®?PP?^'  *^  *^«  same  time  as  the  proto- 

1  ditto  oxgen         ...      8  chjonde.    It  sublimes  in  the  state  of  a 

yellowish-brpwn    powder.     When  ex- 

72  posed  to  the  air,  it  atMK)rbs  moistuiei 
and  becomes  first  white,  and  then  green. 

It  is  often  found  native  in  beautiful  ^M^  decomposed  by  heat,  which  coo- 
red  crystals.  ^^"^  it  into  protochloride,  by  driving 

It  is  dissolved  by  some  of  the  acids,  ^^  ®?®  proportion  of  chlorine.    It  is 

and  also  by  ammonia.  constihited  of 

1  equivalent  of  copper    .        ,    64 

Peroxide  of  Copper, — 80.  2  ditto  chlorine        .        .            72 

(I  C.  64+2  0.  16.)  -- — 

136 

0243.)  The  peroxide  of  copper  is  easily 
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OoppxR  AND  SuLPHUB.  with  some  of  them,  compounds  of  rei- 

(S  «46.)  The  protosulphuret,    and  the  ?»ri^able  fiwibflity.    On  this  account  it 

^^huret    of    copper,    have   been  »  much  used  for  the  composition  of  jq/J 

Staldr  described  (§§21  and  22)  for  the  ^\  f"I?*"''!,°i  %  P^2  ""^  ^'^' 

npoMs  of  iUustnSon.    It  is  unneoes-  "f"**^'  5  of  lead,  and  3  of  tin.  forms  an 

wtoadd  anything  here  to  the  descrip.  aUoy,  whioh  melts  bdow  the  tempera- 

Sm^^h^iA^     uie«»«^  j^  atwhich  water  bods,  and  is  known 

OMi  wtucn  we  navegiven.  ^  ^  ^^^  of ftuible  metal. 

Bismuth.— 71.  Titanium. 

($247.)  Bismuth  is  a  metal  of  a  reddish  _, 

white  colour,  whose  fracture  shows  it  to  <M51.)    Titanium  has  only,  till  ?eiy 

be  composed  of  brilliant  plates  adhering  r^^%  ,^  ^^^^  ^  «"?*"  quanUhes 

together.    Its  specific  gravity  is  9.8.    It  "*.*^«  state  of  an  oxide,  in  a  few  rm 

n  scarcdy  maUeable,  breaks  under  the  nuneraJs.    It  has  probably  never,  but 

hammer,  and  cannot  be  drawn  into  wire.  J>"ce,  been  completdy  reduced  by  art  to 

It  IS  veiy  fusible,  and  melts  at  a  tempo-  the  metaUic  stete,  the  process  bemg  veiy 

ratnre  of  476«  of  Fahrenheit  Itmavbe  difficdt,  and  reqmnng  a  v«y  high  heat. 

obtained  in  fine  crystals  by  slow  cooBng.  f  *  »  described  as  of  a  dark  copper  co- 

and  may  be  completely  volatilised  at  a  ]^^^*  ^*^  °;^<*  bnUiancy,  bnttfe.  and. 

hiidi  lM»t  out  of  contact  with  the  wr.  >"  small  scales,  possessing  consider^le 

When  melted  in  the  air  its  surface  be-  ^"ticity.     Very  lately,  the  m^al  has 

comes  covered  with  a  greenish-brown  lH«n  found  m  imnute  cubic  crystals,  m 

^f,f(Y^  the  slags  taken  from  the  bottom  of  the 

_     -_  smelting  furnaces  of  large  iron-works. 

Bismuth  and  Oxyobn.  Their  colour  and  lustre  is  like  burnished 

Oaride  of  Bumuth.— -79.  copper ;  then-  specific  gravity  5.3:  and 

/I  n  91  J.1  o  fl  ^  they  are  so  hard,  that  they  scratch  a 

(1  n.  71-1-1  u.  a.;  poKshed  surface  of  rock-crystaL     The 

(1 248.)  Bismuth  takes  fire,  and  burns  nietal  is  exceedingly  infusible.    It  tar- 

with  a  blue  flame,  when  strongly  heated  nishes  m  the  air.  and  is  easily  oxidized 

with  access  of  air,  forming  an  oxide  of  a  by  heat.     Too  little  is  known  regarding 

ydkywish  colour,  known  by  the  name  of  this  untractable  substance  to  enable  us 

/men  o/Bismuih.    It  is  veiy  fusible,  to  fix  its  equivalent 

and,  like  the  oxides  of  lead,  is  converted 

by  heat  mto  glass.    It  has  sometimes  Titanium  and  Oxygbn. 

been  employed  for  the  purposes  of  cu-  (j  252.)     Titanium  is  probably  sus- 

peOalion  «  235).    It  is  consUtuted  of  ceptible  of  three  degrees  of   oxidize- 

1  equivalent  bismuth      .        .71  mgnt :  the  first  oxide  is  blue,  the  second 

I  ditto  oxygen        ...      8  ^ed.  and  the  third  white.  The  red  oxide 

"~  is  found  in  nature  in  prismatic  crystals ; 

...        . ,  '^  the  wliite  is  the  basis  of  its  salts. 

It  fiorms  salts  with  the  acids. 

Bismuth  and  Chlorinb.  Cobalt. 

rklnrida  of  BtMmuth  ^107  (J  253.)     CoBALT  is  a  brittle,    some- 

Ckionae  qfisumuin.    1U7.  ^^^^  ^^^^  ^^^  difficultly  fusible  metal, 

(I  B.  71  +  1  C.  36.)  Its  colour  is  reddish-grey;  it  possesses 
H  249.)  Bismuth,  in  a  state  of  fine  little  lustre ;  and  its  specific  gravity  is 
division,  takes  fire  in  chlorine,  bums  8.6.  It  is  attracted  by  the  magnet,  and 
with  a  pale  blue  light,  and  is  converted  is  capable  of  becoming  magnetic.  It 
into  a  cMoride.  It  is  of  a  greyish- white  tarnishes  by  exposure  to  air.  Its  equi- 
colour,  granular  texture,  and  opaque,  valent  has  not  been  fixed  with  certainty. 
It  b  not  sublimed  by  heat.  Its  analysis  owing  to  some  discrepancy  in  the  ana- 
proves  it  to  be  composed  of  lysis  of  its  compounds. 

I  equivajait  of  bismuth         .    71  Cobalt  and  Oxygen. 

1  ditto  clilonne       ,        .       .    oo 

(}  254.)    In  a  very  intense  heat,  cobalt 

1 07  bums  with  a  red  flame. 

An   oxide  may  be  formed  by  long 

exposure  to  a  strong  heat,  with  access 

Alloys  op  Bismuth.  of  air :  it  is  of  a  deep  blue,  approaching 

(}2S0.)  Bismuth  is  capable  of  heiag  to  black.    It  is  probaVAv  «l  i^toVoxydkft  <; 

tJkfed  with  most  metai,  aad  forms,  and  may  also  be  formed  D^v^^^^^^^'^^ 


the  solution  of  the  io&elal  in  nitric  acid  specific  g)ravity  is  about  6.8. "  It  m^ 

by  potash.    The  precipitate  is  at  first  at  a  heat  ofabout  810°  Fahrc»iheit»  mi 

combined  with  water,  and  of  a  bright  crystallizes    on   coohng.     Its    suk€mi 

blue  colour,  but  by  dr3ring  assumes  so  tarnishes  by  exposure  to  the  atmoqilia!!^ 

dark  a  blue  as  to  appear  black.  and  when  heated  to  whiteness,    m  i 

When  this  oxide  is  ejmosed  to  the  air  eoyered  crueible,  aiul  snddeidy  cnjuad 

it  gradually  absorbs  a  further  dose  of  to  the  air,  it  bums  with  a  white  ligUb 

oxygen,  and  is  converted  into  an  olire  It  is  obtained  for  use  from  the  nathpi 

green.  sulphuret 

Both  these  oxides,  by  beinff'heated  in 

the  air,  pass  to  th6  state  of  peiroxide,  Antimony  and  Oxtobn* 

and  become  of  a  brown  colour.    The  Protoxide  of  ^n(tmoi^.— 52. 

fine  blue  substance,  known  in  commerce  ^i  «   aaa.\  n  o  \ 

by  the  name  of  zt^fi-e,  is  oxide  of  cobalt  u  a.  44  + 1  u.  8.) 

fused  With  sand  or  calcined  fiints.  This,  (f  268.)    If  to  a  solution  of  the  well. 

called  tarkur  melk, 
of  pure  ammoBia,  i 

staining  protoxide  of  antimony  will  be  piecU 

riass  and  china.    Ail  the  salts  of  co-  ^&t^>  which  should  be  washed  wxtk 

bait  contain  the  protoxide.  plenty  of  hot  water.    It  is  of  a  diriy^ 

white  colour*  fuses  at  a  red  faeatp  tiM 

Cerium.  forms  on  cooling  an  opaxjue  cmtaBiM 

a  255.)    The  only  minerals  which  are  ^^^'     ^^  ^^V  ^®  sublimed  m   ^km 

known  to  contain  the  metal  cerium  are  vessels  by  a  strong  heat.    When  ex- 

extremely  rare,  even  in  the  cabinets  of  P^^  "^  open  vessels,  to  a  red  heat,  it 

collectors ;  and  the  attempts  to  reduce  f^bsorbs  a  farther  dose  of  oxycen,  and 

the  oxide   to  the  metallic  state  have  ^^  converted  into  the  deutoxide.     Itii 

either  failed  or  merely  produced  a  small  composed  of 

riobule  not  larger  than  a  pin*s  head.  ^  ecjuivaJent  of  antinibay  •  44 

This  metallic  globule  was  harder,  whiter,  ^  <^tto              oxygen      .     8 

much  more  bnttle,  and  more  scaly  in  its  — 

fracture  than  cast  iron.  5SI 

It  appears  that  there  are  two  oxides  ^.  ^                  ,                  ,          — 

of  the  metal:  the  protoxide  is  white,  ^^forms  salts  by  combination  with  Oe 

and  the  peroxide  of  a  reddish  colour,  ^cids. 

Both  the  oxides  form  salts  with  the  «,         . , 

acids.  Deutoxide  of  Antimony^  or  AnHmo' 

UiiAmuM.  ''*^"*  Acid.^6. 

(}256.)    The  ores   of  this  metal  are  0  A.  44  +  li  O.  12.) 

scarcely  less  rare  than  those  of  the  pre-  (^  259.)    When  antimony,  or  its  prol- 

ceding,   and  are  nearly  as  difficult   of  oxide,  is  strongly  heated  in  open  vesseli; 

reduction.    It  has,  however,  been  ob-  or  when  the  metal  is  burnt  in  Oxygen, 

tained  in  the  form  of  a  metallic  button,  ^^^  deutoxide  is  formed.    It  sablunes, 

of  the  weight  of  28  grains ;  of  a  dark  ^^^  P^Y  be  condensed  on  a  cold  sor* 

S-ey  colour,  hard,  and  firmly  cohering.  ^^^^  i"  the  form  of  ne^es  of  a  silven 

n  filing  it,  or  rubbing  it  with  another  ^bitehess.    It  does  not  readily  fuse^  and 

hard  body,  it  exhibited  a  metallic  lustre  »  *»ore  volatile  than  the  protoxide,    ll 

of  an   iron-grey  Colour.     Its   specific  ^  ^^te  insoluble  in  water,  but  poaseMB 

gravity  has  been  found  as  high  as  9.  many  of  the  proparties  of  an  add,  and 

There  are,  probably,  two  oxides  of  ^tera    into  combination   rattier    with 

the    metal:    the   protoxide,   which  is  alkalies  than  with  adds.    It  is  ooia> 

greyish-black ;  and  the  peroxide,  which  Posed  of 
IS  yellow.  1  equivalent  of  antimony  .  44 

The  two  oxides  are  employed  in  the  H  ditto  oxygen      ,  12 

Arts;    the  first  to  give  a  black,    the  — 

second,  an  orange  colour,  to  porcelain.  56 

Antimony.— 44.  ,*  o«^  v    m                 ...       ^  , 

/A  oe^  ^      A  *•             ...         ,  „.  ^y  ^^^-^    Th»  composition  of  the  dent- 

(5  257.)     Antimony,    m    its   metallic  oxide  of  antimony  presents,  when  thus 

tMe,  is  of  a  dusky-white  colour,  very  reganied.  an  exception  to  the  cetiflnl 

tniae,  and  ot  a  sealy  textttre.     Rs  law  of  chemical  compoaitioti,  iM* 


wn  in  two  or  three  other  metals,  Aanijk^ntn  and  Sulphur. 

at  the  multiple  of  the  oxygen  Suhhuret  qf  AnHmony.^eo. 

ftt  oxide  IS  1),  and  not  an  entire  ^    *    ^-        «   Tv 

The    theoretical    difficulty.  (^  A.  44^+  1  8. 16.) 

V  may  be  removed  by  considering  (8  264.)  ANTiMomr  readily  combines 

lave  already  done  m  the  similar  with  sulphur,  and  forms  a  grey  sul- 

!  of  lead,  $  233)  this  oxide  as  phuret  with  metallic  lusbre.    The  same 

id   of  two  equivalents   of  the  compound  is  found  in  nature.    It  may 

nd  three  of  oxygen  (2  A.  88 +3  be  melted  in  dose  vessels  without  under- 

or  as  a  compound  of  one  equi-  going  any  change ;  but,  when  slowly 

f  the  j!>ro/oxide  with  one  of  the  roasted  in  a  shaUdw  vesftd,  it  gradually 

g  or  peroxide  (52+60).  loses  sulphur  and  attracts  oxVgen,  and 

ie  of  Antimony,  or  Antimonic  m»7  thenbe  melted  into  a  glassy  sul>. 

Acid.—eo,  stance,  transparent  at  the  edges,  and 

/I  A  aaIo  n  iti\  enXLed gian qf  antinunw.    Itconsistsof 

(1  A.44+2  u.  16.)  ^j^IjI  pg,^  Qf  protoxide,  and  one  of 

\     Thb  peroxide  of  antimony  smphuret. 

obtained,  by  dissolving  the  met^ 

»muriatic  acid ;    from  which  it  Allots  of  AifTiMomr. 

i  precipitated  by  throwing   the  (a  265.)  Aktimony  may  be  made  to 

i  mto  water,  as  it  is  msoluble  m  combine  with  most  of  the  metals.    A 

id.    When  recently  prepared  it  yery  slight  admixture  of  it,  not  exceed- 

litmus  paper.    It  is  thus  ob-  '^g  ,^,th  of  the  mass,  is  sufficioit  to 

1  the  form  of  a  white  hydrate ;  destroy  the  ductility  of  gold,  and  even 

iposed  to  a  temperature  not  ex-  its  fumes  alone  will  produce  that  effect. 

600°  Fahrenheit,  the  water  is  yrhen  mixed  with  lead,  in  the  propoi«- 

[ff,  and  pure  Pgfoxide  remains,  tion  of  one  part  in  seventeen,  it  com- 

llow  colour.    When  exposed  to  poses  the  metal  for  printers' types. 
!at  it  parts  with  a  portion  of  its 

and  is  converted  into  the  deut-  Columbium.— 144. 

It  enters  into  definite  combina-  ^j  266.)  This  and  the  succeeding  species 

ith  alkalies,  aiid  net  with  acids,  furnish  further  instances  of  highly  re- 

ice  It  ranks  with  the  latter  class  fractoiy  metals  extracted  with  great  dif- 

'^'  ficulty  from  very  rare  mineral,  whose 

jiTiMONY  AND  CHLORimB.  discoveiy  and  examination  have  afforded 

*    rf    't     !>  J  *j            on  exercise  for  the   highest  talents,  but 

tochhrtde  of  Anttmony.'-BO.  ^y^^y^  y^^^  ^^^  l^i^j^to  been  appUed  to 

0  A.  44  +  1  0.  36.)  any  use  in  the  arts. 

When  Tpowdered  antimony  is  The  colour  of  columbium  is  iron- 

into  chlorine,  combustion  en-  ?rey.  and,  when  scratched  with  a  knife, 

jid  the  protocWoride  is  formed  »*  shows  the  metaUic  lustre.     It  has 

onion  of  the  two.    It  may  also  on W  been  obtamed  m  agglutinated  pw-- 

luced  by  distilling  a  nuxture  of  t»cles  by  an  intense  heat,  the  specific 

ly    with  twice   and  a  half  its  S^'nty  of  which  was  5.6.    It  is  not 

of  bichloride  of  mercury.    The  »cted  upon  by  mtnc  or  munatic  acids, 

5  of  antimony  being  veiy  volatile,  or  by  a  mixture  of  the  twa 

3ver  into  the  receiver,  and  me-  Columbium  and  Oxygen.: 

ercury  remains  m  the  retort.  At  _    . .      ^  ^  ,     , .              ^  ,      r. 

1  temperatures  it  is  a  soft  soUd,  Oxtde  qf  CoWitmi,  or  Columbie 

liquifies   at  a  gentle  heat,  and  ilcrta.— 162. 

merly  called  butter  of  antimony.  (1  C.  144  +10.  8.) 

uesces  on  exposure  to  the  air.  ^^  267.)  The  only  oxide  of  columbium 

Moride  of  AnHmony. ''lie.  ^<^  pwsessesttie  properties  of  an 

,  A    !^^      ^r%l^^  acid,  and  forms  definite  compounds  With 

(1  A.  44  +  2  C.  72.)  alkalies  rather  than  with  acids.    It  is 

)  By  passing  dry  chlorine  gas  found  in  nature  in  oombination  with 

ated  metallic  antimony,  a  trans-  oxide  of  iron.  Wlien  purified,  it  is  of  a 

volat'de  fiuid  is  obtained,  which  white  C(dour,  and,  when  laid  upon  wet 

mies  on  exposure  to  the  air.    It  litmus  paper,  it  converts  the  blue  colour 

s  twice  as  mueh  ^hloxine  as  tbe  to  i^  red.    It  is  taatidbna^  wod^  xoMk^be^ 
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colour  by  exposure  to  a^ieh  temperature 

with  access  of  air.    It isbelieved  to  l)e 

a  compound  of 

1  equivalent  of  columbium 

ditto        oxygen 


144 
8 

152 


Its  specific  gravity  is  6.5. 

TUNOSTKN. — 96. 

($  268.)  Tungsten  has  a  greyish-white 
colour,  like  that  of  iron,  but  is  not  mag- 
netic Its  specific  gravity  is  17.2.  It  is 
extremely  hturd  and  brittle,  and  fusible 
'With  great  difficulty.  It  is  oxidized  by 
4he  action  of  heat  and  air. 

TUNOSTBN  AND  OxYOSN. 

Protoxide  of  Tungsten.—l  1 2. 

(1  T.  96  +  2  0. 16.) 

(i  269.)  When  hvdro^n  gas  is  passed 
over  tungstic  acid  (which  will  be  imme- 
diately Ascribed)  at  a  red  heat,  it  is 
converted  into  a  dark-brown  oxide,  in 
which  the  oi^'gen  is  to  that  in  the  acid 
as  2  to  3.  wlien  heated  in  the  air  it 
bums  like  tinder,  and  is  reconverted  into 
the  acid. 

TungsHc  Aci(L— 120, 

(1  T.  96  +  3  O.  24.) 

($  270.)  TuNOSTic  acid  is  a  compound 
of  three  equivalents  of  oxygen  and  one 
of  tungsten.  It  is  of  a  yellow  colour, 
insoluble  in  water,  and  has  no  effect 
upon  the  blue  colour  of  litmus.  It  forms 
definite  compounds  with  the  alkalies. 
Its  specific  gravity  is  6.1. 

Chromium. — ^28. 

($271.)  Chromium  is  a  rare  metal, 
and  is  extracted  from  only  two  minerals ; 
in  one  of  which  it  is  combined,  as  an 
acid,  with  lead,  and  in  the  other,  as  an 
oxide,  with  iron.  It  requires  a  violent 
heat  for  its  reduction.  It  has  merely 
been  obtained  as  a  porous  mass  of  agglu- 
tinated grains.  It  is  very  brittle,  of  a 
greyish-white,  intermediate  between  tin 
and  steel.    Its  specific  gravity  is  5.9. 

Chromium  and  Oxygen. 

Protoccide  of  Chromium,-~36. 

(1  C.  28  +  1  O.  8.) 

(}  272.)  It  is  probable  that  chromium 
forms  two  oxides  by  union  with  oxygen, 
besides  the  acid  which  will  be  presently 
ilMcnbed.    The  protoxkle  may  be  ob- 


tained by  heating  a  salt  called  chromate 
of  mercury  to  r^ness.  The  mercuiy  is 
thus  dissipated  in  vapour,  and  at  the 
same  time  the  chromic  acid  is  resolved 
into  oxygen  and  the  protoxide  of  chro* 
mium.  It  is  of  a  green  colour ;  into* 
luble  in  water ;  infusible ;  and  suffers  no 
change  from  the  exposure  to  heat.  It  i| 
probably  a  compound  of 

1  equivalent  of  chromium    .    •  28 
1        ditto         oxygen    ...     8 
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It  is  soluble  in  the  acids.  It  is  employel 
in  the  arts  to  give  a  beautiful  green  ok 
lour  to  porcelain,  and  is  the  colouriqg 
principle  of  the  emerald. 


Deutoxide  of  Chromium. 

(1  C.  28  +  2  0.16.)  i 

($  273.)  The  deutoxide  is  of  a  hn^ 
colour,  and  may  be  formed  by  expcMritf 
a  solution  of  the  protoxide  in  nitm  iiff^ 
to  a  heat  just  sufficient  to  deoo: 
the  acid.  Very  little  is  known 
ing  it.  It  does  not  enter  into 
nation  with  the  acids. 

Chromic  Add, — 52. 

(1  C.  28  +  3  O.  24.)  ■  '^ 

($  274.)  The  chromic  acid  is  fbund  il 
nature  in  combination  with  lead,  tad 
may  be  extracted  by  boiling  the  poi^ 
dered  mineral  with  twice  its  wemlit  # 
carbonate    of  potash,    and  aitenvad)^ 
saturating  the  alkali  by  a  mineral  aeift' 
It  is  of  a  red  colour,  and  may  be  ok 
tained,  from  its  solution,  in  ruby-coloiiMf 
crvstals.      It  has  a  sour  metallic  taila 
When  exposed  to  heat  it  gives  off  o»^ 
gen,  and  is  converted  into  the  mif 
oxide.    It  is  probably  constituted  of 
1  equivalent  of  chromium    .    J  28 
3        ditto         oxygen    ...  24 


It  gives  its  colour  to  the  ruby. 

Molybdenum.— 48. 
(§  275.)  Molybdenum  has  never  h&m 
reduced  into  masses  of  any  consideraUl 
magnitude,  but  has  only  been  obtaiMi 
m  small  globules,  in  a  blackish  brilliaiA 
mass.  It  is  grey,  brittle,  and  very  infn- 
sible.  Its  specific  gravity  is  8.6.  It  is 
found  in  nature  in  the  state  of  siilphurat, 
and  united  as  an  acid  with  lead*  Both 
are  vezy  rare  minerals. 
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MoLlTBlokNxrtf  AND  OxYOBx.  of  arsenic,  is  Whitd,  semi-transparent; 

Molybdous  Acid.'-64,  and  brittle.     It  has  a  faintly-sweet  taste, 

(1  M.  48  +  2  O.  16.)  «^"d  is  well-known  to  be  highly  poison- 

.--  X   m            1  1  J           -1 u^  ons.    It  IS  volatilized  at  a  temperature 

L'!i>Jf^."^»„';t.S^^rL'^  of  380°  Fah.;  but.  if  suddeni;  heated 


some 


h  ah  tie  hot  water.    By  evaporating  ^      table  blue  colours.    There  is  ,uu.c 

.^^""^T    ^f''"^;io''Vth  T;  un^rtainty  with  regani  to  the  analysis 

are  not  .exceeding   120°  Fah.,    the  ^^  ^^^^  compound,  and  indeed  with  re- 

1  IS  obtamed  m  the  fo»-«J  .of  ^, «"/  gard  to  the  other  combinations  of  ar- 

e  powder.  ^^  "T^dejis  vegetabl^^^^^^  |^^    ,^  ^^^^  i^^  equivalent  camiot  be 

L^.^nf'^^.r  nnlJ^i^^^^  ««d  to  be  absolutely  determined.    It  is 

insts  of  about  100  metal  and  34  parts  probably  constituted  of 

^8*°'    ,^,  ...    ^  .,  1  equivalent  of  arsenic    -    38 

Molybdtc  Aad.'-72.  2        ditto        oxygen    -    16 

(1  M.  48  +  3  O.  24.)  — 
177.)  The  native  sulphuret  of  molyb-  *4 
lum,  being  roasted  for  some  time,                    Anenic  Acid.S2. 
y  be  reduced  to  tine  powder,  and  dis-                   .,   .    _  _   ,   ^  r^  nj  \ 
red  in  liquid  ammonia.    When  nitric                   ('  A.  38  +  3  U.  24.) 
d  is  added  to  the  solution,  the  mo-  (§  280.)  Another  compound  of  arsenic 
die  add  is  precipitated  in  white  scales,  and  oxygen  may  be  formed  by  boiling 
idi  become  yellow  upon  melting  or  one  part  of  arsenious  acid  to  dryness  in 
diming  them.    It  changes  the  vege-  six  parts  of  nitric  acid.    Nitnc  oxide 
le  blues  to  red,  and  has  a  sharp  me-  is  given  off,  and  a  white,  concrete  sub- 
tle taste.    It  is  sparingly  soluble  in  stance  remains,  which  is  the  arsenic 
ter;  and  paper  dipped  m  the  solution,  acid.    It  has  a  sour,  metallic  taste; 
iomes,  wnen  dried  in  the  sun,  of  a  reddens  vegetable  blues,  and  attracts 
lutiful  blue.  When  the  metal  is  heated  moisture  from  the  air.    When  its  solu- 
b  access  of  air,  it  absorbs  oxygen,  tion  is  evaporated  it  assumes  the  con- 
I  is  converted  into  the  acid.  sistence  of  jelly,  but  does  not  crystallize. 

A«o»T«r^     QQ  0  ^^^  a  very  active  poison.    It  may  be 

ARSBNic— J». .  jj^gjj^  jj,^^  ^  ^Yeaa  which  is  deUquescent ; 

178.)  The  substance  commonly  met  and,  at  a  very  strong  red  heat,  it  is  con- 

h  under  the  name  of  arsenic  is  an  verted  into  arsenious  acid  and  oxygen, 

de,  from  which  the  metal  may  be  ob-  It  is  probably  composed  of 
ned  by  mixing  it  with  oil,  and  sub-  i  equivalent  of  arsenic    -    38 

ing  at  a  low  red  heat  in  a  clean  Flo-  3        ditto       oxygen    -    24 

toefiaak.    The  arsenic  will  thus  be  — 

loeed,  and  will  be  found  lining  the  62 

sk  of  the  flask  in  a  state  of  metallic  — 

lliancy,  not  unlike  polished  steel.    It  ^  ^      - 

rery  brittle,  and  may  be  reduced  to  Arsenic  and  Hydrogen,  t 

it  'Ja^^t^?.  *  uTrJi  ^r^-reaed  Hydrogen. 
ible  and  volatilized.    It  may  be  col-  (§281.)  Arsenic  combines  with  hydro* 
ted,  unchanged,  in  close  vessels  ;  but  gen,  and  forms  a  very  poisonous  corn- 
thrown  on  red  hot  iron,  it  bums  wkh  pound ;  to  his  researches  on  which,  one 
»lue  flame  and  white  smoke ;  it  emits  eminent  chemist  owed  his  death.  ^  It 
0  a  strong  smell  of  garlic,  which  be-  may  l)e  formed  by  melting  together,  in  a 
gs  to  it  in  its  metallic  state,  and  not  covered  crucible,  three  parts  of  granu- 
ita  oxides.    Arsenic  is  speedily  tar-  lated  tin  and  one  part  ox  metallic  arsenic 
hed  by  exposure  to  air,  and  converted  in  powder,  and  submitting  the  alloy,  in 
0  a  black  powder,  which  is  a  mixture  fragments,  to  the  action  of  muriatic  acid 
the  metal  and  oxide.  in  a  glass  retort    On  the  application  of 
Arsenic  and  Oxygen.  a  moderate  heat  a  gas  is  given  off. 
.               ^  -^     «>•  which  may  be  collected  over  the  water 
Ariemoui  Acui.^^4.  ^^y^    j^  ^  colourless,  without  acid  pro- 

(1  A.  38  +  2  O.  16.)  perties,  and  ite  specific  eraviW  is  about 

279.)  Ainifiovsaiddi  or  white  o»de  0.5.  ltex&^cdsbiMcaw>^^ 
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but  bums  with  a  blue  flame.    Its  smell  time  melted  in  oontaet  with  the  air,  it 

rtsemblas  that  of  garlic,  but  is  more  absorbs  oxygen,  and  is  converted  into  a 

fetid.    It  instantly  destroys  small  ani-  ^^^y  powder.    This  protoxide  may  also 

mals  which  are  immersed  m  it  Its  com*  be  obtained  by  pounng  nitric  acid,  di- 

position  has  not  been  accurately  deter-  luted  with  ten  times  its  bulk  of  watv, 

mined,  but  it  is  believed  that  the  hydro-  upon  tin  filing,  and  leaving  thrai  m 

gen  exists  in  it  in  a  condensed  state ;  for  contact  forty-eight  hours.     It  should  be 

u  deposits  arsenic,  and  is'  expanded  in  carefully  dried  without  bein^  exposed  to 

volume  at  high  temperatures.  the  air.    This  oxide  has  such  a  stroq| 

Arsenic  and  Sulphur.  affinity  for  a  further  dose  of  oxygen,  thai, 

tt  nan  \   A                     u-  ^       uu  «„i  whcn  heated  to  redness  m  open  vesseb, 

1?^\1  Amenic  combines  with  suU  .  .   ^„„^,rted  into  peroxide  with  erohh 

phur  in  two  proporUons.  and  both  the  y       ^  j^    j     ^  jjX.    u  wiU  be  hen- 

•ulphurets  are  found  naUve.    The  com-  Jl            ... ,.  ^    •     ,j^j        -^f,  f^ 

pound  with  the  least  proportion  of  svd-  S;;^e„  ^Vh  it  teto  ^rt  of  tts  2K 

Shur  IS  red,  and  known  m  commerce  by  J;*if     t^  •     '    *Jle^  r.f 

,e  name  of  r«.^ar;  that  wilh  thi  «'0°-  eju   S'^ftn"-    -    -  59 

sulphur    exists    in    the    two    in    the  g. 

proportion  of  *i  to  3.    They  have  both  ^.       .,    .       ,  , ,    .     . 

been  employed  in  calico-printing  and  This  oxide  is  soluble  m  the  acids  and  a 

dyeing.  ammonia ;  and  the  ammoniaeal  solution, 

when  long  kept,  deposits  metallic  tin  ii 

Chapter  VIII.  crystals,  and  becomes  a  solution  of  p«* 

On  the  MetaU  which  absorb  and  retain  ®*^^®- 

Oxygen  at  high  temperatures,  and  Peroxide  of  Tin. — 76.- 

deam^se  Water  at  a  red  heat,  ^  T.  59+2  0.  16.) 

Tin,            ^^^*             ^*^^*  ($  286.)  The  peroxkie  may  be  obtaiaii 

. ,.  Va«?«"»».      Manganese,  ^m^g^  by  heating  the  protoxide,  ••  • 

<md  their  Binary  Compounds.  ^ave  just  stated,  or  by  the  aotion  if 

(§  283.)  PuRsuiNo  the  plan  which  we  nitric  acid,  sli^^htly  diluted,  upon  tk 

have  laid  down,  we  come  now  to  a  class  metal.    A  white  powder  is  produoii 

of  metals  whose  affinity  for  oxygen  is  which  is  a  hydrate  of  the  peroxide,  frOB 

such  that  they  not  only  absorb  oxygen  which  the  water  may  be  expelled  hy  i 

from  the  atmosphere,  and  retain  it  at  a  red  heat.    The  peroxide  of  tin  is  of  t 

high  temperature,  but  abstract  it  also  straw- yellow  colour.    It  is  insoluble  ia 

from  water,  when  assisted  by  a  heat  not  all  the  acids,  except  the  muriatic,  but 

below  redness.    This  list  consists  only  unites  feebly  with  the  alkaline  basei 

of  five — ^Tin,  Iron,  Zinc,  Cadmium,  and  It  is  constituted  of 

Manganese.  1  equivalent  of  tin  -    -    -   59 

Tin.— 59.  2        ditto         oxygen     -    16 

(§  284.)  Tin  is  a  well-known  metal ;  but  IT 
the  substance  which  is  popularly  so 

called  consists  of  sheets  of  iron  merely  Tin  and  Chlorine* 

plated  with  it.      It  is  a  silvery- white  «    ^    n     -j     >»v        *** 

metal,  which,  by  exposure  to  the  air.  Protochloride  of  Tin.-^95. 

acquires  a  slight,  superficial  tarnish.   It  (1  T.  59  + 1  C.  36.) 

is  very  soft;  and,  when  bent  backwards  (^  237.)  The  protochloride  of  tin  mtf 

and    forwards,    occasions   a    peculiar  be  formed  by  heating  together  an  amat 

crackling  noise.    It  is  verv  malleable,  gam  of  tin  and  mercury  with  the  pnis- 

and  its  specific  gravity  is  about  7.9.    It  chloride  of  mercury  (calomel).     It  ii  i 

melts  at  a  temperature  of  442^  Fah.  grey,  semi-transparent,  crystaJIine  sdii 

It  is  chiefly  found,  in  nature,  in  the  state  It  is  soluble  in  water,  and  forms  atobh 

of  oxide,  which  constitutes  the  ore  from  tion  which  rapidly  attracts  oxygen  fioi 

whidi  it  is  obtained  for  commerce.  the  air,  and  deposits  peroxide  of  tia 

•  Tin  and  Oxygen.  ^^'  ^^^^  •'  ^^T  fi^""  ^"^  composed  d 

D    *     \j     r  m:      ^*  1  equivalent  of  tin  -    -    -  59 

Protoxide  of  Tin.-^67.  i   ^  ^itto        chlorine     -  36 

(T.  59-HO.  8.)  _ 

()  W.)  Wwur  tin  ii  kept  for  a  long  «$ 
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P§reMoHd§  of  7Vii^l3l. 
<1  T.  59+2  C.  72.) 

IB.)  Tin,  in  a  state  of  fine  division, 
be  burnt  in  chlorine ;  when  a  vo- 
!^  clear  liquid  is  formed.  This  per- 
ide  may  also  be  produced  by  Imt- 
Ogether  tin  filings  and  percmoride 
lercury.  It  has  the  property  of  in- 
insr  oil  of  turpentine  when  suddenly 
ed  into  that  fluid.  It  emits  white 
»  when  exposed  to  the  air,  from  its 
t  attraction  for  its  moisture.  When 
id  with  a  little  water,  it  is  converted 
a  solid  crystalline  substance.  It  is 
[x>8ed  of 

1  equivalent  of  tin  -    -  '  -  59 

2  ditto         chlorine    -  72 
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Tor  AND  Sulphur. 


)9.)  Thbrb  are  two  sulphurets  of 
The  proto-sulphuret  may  be  formed 
ising  toother  tin  and  sulphur.  It 
a.bluish  colour,  lamellatra  texture, 
brittle.  It  is  composed  of  one  equi- 
at  of  each  of  its  ingredients.  The 
dphuret  may  be  made  hy  heating 
ther,  in  close  vessels,  the  peroxide 
n  and  sulphur.  It  is  produced  in 
flakes  of  a  beautiful  gold  colour, 
was  formerly  known  by  the  name  of 
mc  gold.    It  is  composed  of 

1  equivalent  of  tin  -    -    -  59 

2  ditto        sulphur     -  32 
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used  as  a  pigment  for  nvtog  a  gold 
or  to  some  works  of  art 

Allots  of  Tin. 

10.)  Thb  alloys  of  tin  with  copper 
ifious  proportions,  form  bronse, 
metal,  or  fun-mekd  /  and,  when  the 
lortion  of  the  first  is  about  one- 
I,  the  allo^  is  beautifully  white,  and 
.  for  the  reflectors  of  telescopes. 

Irox.— 28. 

1.)  Iron  is  at  once  the  most  dif- 
1,  the  most  abundant,  and  the  most 
»rtant  of  the  metals.  It  is  found  ia 
he  three  kingdoms  of  nature:  its 
constitute  almost  mountains;  and 
I  is  ffcaroely  an  art  which  oould 
;» in  aav  p^ribction,  without  it  It 
a  1|Uiisn»«hita  colour,  and  is  sus- 
iU#  dlf  »  very  h^  polisbf  It  is 
■allaaUA.  and  ia  aaDAUA  of  hffllig 


drawn  into  very  fine  wire,  though  not 
of  being  beaten  into  very  thin  leaves. 
Its  specific  gravity  is  about  7.7,  It  is 
one  of  the  most  infusible  of  the  metals ; 
but  this  disadvantage  is  counterbalanced, 
for  all  practical  purposes,  by  its  possess*- 
ingthe  property  of  welding  (^18)  in 
high  perfection.  Cast  iron,  or  iron  in 
that  state  in  which  it  is  first  run  from  its 
ores,  and  which  is  very  far  from  pure, 
has  been  found  to  melt  at  a  temperature 
equal  to  about  3479^  of  Fahrenheit's 
scale ;  but  the  fusing  point  of  the  pure 
metal  is,  doubtless,  higher.  At  common 
tempersiures  it  is  exceedingly  hard; 
but,  when  heated  to  redness,  very  soft 
and  ductile.  It  is  attracted  by  the 
ma^et,  and  capable  of  having  the  mag- 
netic virtue  imparted  to  it  It  b,  very 
rarely,  found  native  in  the  metallic  state ; 
in  masses  which  are,  with  great  pro- 
bability, supposed  to  be  of  meteoric 
origin.  'Hie  ores  from  which  its  supply 
is  chiefly  derived  are  oxides  of  the  metaL 

Iron  and  Oxyobn. 
Proioofide  qf  Iron. — 36. 
(1  I.  28  +  I  O.  8.) 
((  292.)  Thb  affinity  of  iron  for  oxygen 
is  very  great.    We  have  already  seen 
that  it  may  be  burned  in  oxygen  gas 
(&  39) ;  and,  when  heated  to  redness  in 
the  open  air,  it  absorbs  oxygen  rapidly, 
and  is  converted  into  black  scales,  called 
the  black  oxide  of  iron.    This  is,  how- 
ever, not  a  definite  compound,  but  a 
mixture  of  protoxide  and  peroxide.  The 
same  compound  is  also  produced  when 
the  steam  of  water  is  brought  into  con- 
tact with  red  hot  iron  (§  47). 

The  protoxide  of  iron  may  be  ol>- 
tained  pure  by  passing  dry  nydrogen 
gas  over  the  peroxide  at  a  temperature 
a  littte  below  redness.  Its  colour  is  a 
very  dark  blue.  It  is  attracted  by  the 
magnet,  but  not  so  strongly  as  the 
metal  itself.  It  is  very  combustible  ; 
and,  when  thoroughly  exposed  to  the 
air  at  common  temperatures,  it  spontane- 
ously ignites,  and  l)eoomes  converted 
into  the  peroxide.  All  its  combinations 
are  also  characterised  by  this  high  at- 
traction for  oxygen.  It  is  composed  of 
1  equivalent  of  hron  -  -  28 
1       ditto        oxygen    •     6 
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Peroxide  qf  /ron^— 40, 
(I  I.  28  -f  U  0. 12.) 


\a. 


^^ 
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nitric  acid,  then  boiled  for  some  time, 
precipitated  bv  ammonia,  and  exposed 
to  a  low  red  heat,  it  is  converted  into 
peroxide.  It  is  of  a  red  colour,  and  not 
attracted  by  the  magnet  It  is  com- 
posed of 

1  equivalent  of  iron    -    -    28 
H       ditto       oxygen     -    12 

40 

and  presents  another  instance  of  the 
anomaly  to  which  we  have  before  re- 
ferred ($  260),  namely,  that  the  oxygen 
of  the  peroxide  is  not  a  multiple,  by  a 
whole  number,  of  that  of  the  protoxide. 
Both  the  oxides  of  iron  constitute  sali- 
fiable bases. 

Irox  and  Chlorinb. — 64. 

ProtO'Chloride  of  Iron. 

(1  1.  28+1  C.  36.) 

i§  294.)  Whbn  iron  is  dissolved  in  di- 
luted muriatic  acid,  a  green  solution  is 
obtained,  which  should  be  evaporated 
to  dryness,  and  ignited  out  of  the  con- 
tact of  the  air.  The  product  has  a 
Eey  colour,  a  metallic  splendour,  and  a 
mellar  texture.  This  proto-chloride  is 
a  fixed  substance,  and  requires  a  red 
heat  for  its  fusion.  There  are  some 
doubts  attending  the  results  of  its  ana- 
ysis. 

Perchhride  of  Iron, — 82. 
(1  1.28  +  li  C.  54.) 

§  295.)  When  iron  wire  is  burned  in 
chlorine,  a  bright  yellowish-brown  sub- 
stance is  obtained,  of  a  high  degree  of 
lustre,  which  is  volatile  at  a  temperature 
a  little  above  212^  Fah.,  and  crystallizes 
in  the  form  of  small  iridescent  plates. 
It  is  composed  of 

1  equivalent  of  iron    -    -    28 

iu  H      ditto       chlorine  -    54 

82 
and  exhibits  the  same  anomaly  of  the 
half-equivalent  as  the  peroxide.  They 
may  each  be  considered,  in  a  theoretical 
point  of  view  as  before  suggested 
O  260),  as  composed  of  two  eauivalents 
of  the  metal  with  three  of  their  other 
respective  ingredients,  and  the  present 
instance  mav  oe  represented  as  2  1. 56+ 
3  C.  105,  the  same  proportions  being 
thus  preserved. 

Iron  and  Sulphur. 

Proto-mlphuret  of  Iron.^^A, 

(1  I.  28  +  1  S.  16.) 

($296.)  Tu  best  method  of  forming 


the  proto-sulphuret  of  iroti  is  \6  take  t 
bar  of  the  metal  at  a  glowing  red  heit 
and  rub  it  well  with  a  roll  of  sulphar: 
the  compound  will  fall  down  in  dropi. 
It  is  distinguished  by  being  attracbedlbf 
the  magnet,  and  is  sometimes  found  ■ 
nature.   It  is  composed  of 

1  equivalent  of  iron    -    -    88 
1        ditto         sulphur  -     16 
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Bitulphuret  of  Iron. 

(1 1.  28  +  2  S.  32.) 

($  297.)  The  bisulphuret  cannot  be  u- 
tificialiy  formed,  but  is  an  abundait 
natural  product,  and  has  received  the 
name  of  tron  pyrites.  It  is  of  a  bronie 
yellow  colour,  and  is  often  found  ii 
crystals.  \Vhen  heated  to  redness  I 
loses  half  its  sulphur,  and  beooaia 
converted  into  the  proto-sulphuret  B 
is  not  attracted  by  the  magnet  It  ii 
composed  of 

1  equivalent  of  iron   -    -    28 

2  ditto         sulphur  -    38 
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Iron  and  Carboic. 
Steel. 

(§  298.)  Iron,  as  it  flows  from  the  fiff- 
naces  in  which  it  is  reduced,  in  wUdi 
state  it  is  called  cast  iron,  contsia^ 
amongst  other  ingredients,  a  very  com!' 
derabie,  but  variable  proportion  of  ca^ 
bon,  amounting  sometimes  to  :i^h  of 
its  weight  In  this  state  it  Ui  neithff 
ductile  nor  malleable,  but  very  brittle. . 

If  the  purest  malleable  iron  be  siff- 
rounded  by  charcoal  in  powder,  and  ex- 
posed to  a  long-continued  red  heat,  i 
unites  with  about  xi^th  of  its  weight  of 
carbon,  and  accoutres  new  propertiOk 
beine  converted  into  sted:  it  becomci 
much  harder,  more  sonorous  and  elastic; 
and  takes  a  much  higher  polish*  Whei 
ignited  and  suddenly  cooled,  it  is  rb* 
dered  so  hard  and  brittle  as  to  be  untt 
for  any  useful  purpose.  To  fit  it  for 
use  it  requires  what  is  termed  tew^th 
ing;  which  consists  in  heating  it  19 
to  a  certain  point,  that  varies  with  tin 
purpose  to  which  it  is  afterwards  to  bt 
applied.  These  points  are,  to  a  oertiii 
extent,  indicated  by  the  various  cuAatn 
which  the  metal  assumes  on  its  surtaa 

The  experiment  has  often  been  triai 
of  inclosing  small  diamonds  in  eavito 
in  00ft  iron,  and  igniting  the  mm\ 
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the  formet  di8api>ear,  and  the  inner 
M  (tf  the  latter  is  found  is  oon- 
i  into  steel  ($  151). 
el  may  be  distinguished  from  pure 
yy  applying  a  drop  of  any  weak 
to  its  surface,  when  the  charcoal 
I  it  contains  will  be  exhibited  by  a 
stain. 

Plumbago, 

).)  Thb  well-known  substance  of 
black-lead  pendls  are  made  is  a 
arburet  of  iron,  containing  about 
sr  cent,  of  the  metal  and  90  of 
carbon.  It  is  a  natural  product  of 
ierable  value,  and  has  not  hitherto 
[brmed  by  art. 

Alloys  of  Iron. 

)0.)  Iroiv  may  be  alloyed  with 
us  metaJs ;  but  the  most  useful 
ination  of  this  nature  is  that  with 
Iron  plates,  previously  cleaned  by 
k  acid,  and  dipped  into  that  metal 
melted,  become  perfectly  plated 
it,  and  are  very  extensively  em« 
i  in  the  arts. 

Zinc— 34. 

L.)  Zinc  is  known  in  commerce 
I  name  of  spelter;  but  usually  con- 
an  admixture  of  lead  and  sulphur. 
I  purified  from  these,  it  is  of  a 
nt  white  colour,  inclining  to  blue, 
edfic  gravity  is  about  6.8.  Under 
ular  circumstances  of  temperature, 
nalleable,  and  may  be  l)eaten  into 
I  or  drawn  into  wire.  It  melts 
>ut  725°  of  Fahrenheit's  scale,  and 
illizes  on  cooling.  It  is  easily  vola- 
I,  and  may  be  purified  by  distilla* 

Zinc  and  Oxyoxn. 
Oxide  q/'Ztnc— 42. 
(I  Z.  34  +  1  O.  8.) 

i.)  Whbn  zinc  is  exposed  to  a 
nrature  in  the  air  very  little  above 
dting  point,  it  bums  with  a  dazzling 
,  of  a  bluish  tint ;  and  its  oxide 
ID  in  the  form  of  white  flowers, 
Ay  called /fotMTf  of  zinc,  or  phi- 
iieal  wool.  This  oxide,  which  is 
dy  one  known,  is,  however,  fixed 
\  fire,  and  may  be  melted  into  a 
ydlowg^s.  The  same  oxide  is 
d  when  the  vapour  of  water  is 
^  into  ecmtaet  with  the  metal  in 
e  o(  IgnitioD,   This  decompositkm 


takes  place'  with  great  rapidity.    The 

oxide  is  composed  of 

1  equivalent  of  zinc     -    -  34 
1        ditto        oxygen     -     8 

42 
It  constitutes  a  salifiable  base. 

Zinc  and  Chlorine.  '< 
Chloride  of  Zinc. — 70.  ' 
(1  Z.  34;+  IC.36.) 

(}  303.)  When  zinc  is  burned  in  chlo- 
rme,  a  solid,  grey,  semi-transparent 
substance  is  formed,  which  is  the  only 
known  chloride  of  that  metal.  It  is  as 
soft  as  wax,  and  melts  at  a  temperature 
a  little  above  212°  Fah.  It  rises  in 
vapour  at  a  heat  below  ignition.  Its 
taste  is  intensely  acrid,  and  it  corrodes 
the  skin.  It  dissolves  in  water,  with  the 
evolution  of  much  heat.  It  may  also 
be  procured  by  heating  together  zinc 
filings  and  bichloride  of  mercury  (corro- 
sive sublimate).  Its  analysis,  though 
not  exact,  agrees  sufficiently  with  the 
assumption  that  it  is  a  compound  of 
1  equivalent  of  zinc  -  -  34 
1        ditto        chlorine  -    36 

70 

Alloys  of  Zinc. 

($  304.)  Zinc  is  capable  of  being  al- 
loyed with  many  of  the  metals.  It  forms 
particularly  useful  compounds  with  cop- 
per, which,  in  different  proportions,  are 
knovm  by  the  names  of  orase,  pinch' 
beckt  Dutch  gold.  Prince  Ruperfe 
metal,  Sec. 

Cadmium. — 56. 

{§  305.)  Cadmium  has  only  been  very 
lately  discovered  amongst  the  ores  of 
zinc,  and  has  chiefiy  been  derived  from 
a  sublimate  which  rises  before  that 
metal  in  the  process  for  obtaining  it  by 
distillation.  It  resembles  tin  very  nearly 
in  colour,  lustre,  and  the  crackling 
sound  which  it  yields  when  bent.  It 
is  harder  and  more  tenacious  than  that 
metal.  It  may  be  drawn  into  fine  wire, 
and  reduced  into  thin  plates.  Its  specific 
gravity  is  about  8.6.  It  melts  at  a  tem- 
perature below  redness,  and  is  vola- 
tilized almost  as  readily  as  mercury.  Its 
vapour  condenses  in  drops,  which  have 
a  crystalline  appearance  when  cold. 

Cadmium  and  Oxyoxn. 

Oxide  qf  Cadmium,'^6A. 

((  306.)  Cabuixsu  Va  ^V^  it^fissi^ 


70 


CHEMISTRY. 


exposure  to  the  air  at  common  tempe- 
ratures, but,  when  heated  in  open  ves- 
sels, it  bums  and  flies  off  in  smoke, 
which  falls  and  forms  a  very  fixed  oxide 
of  a  brownish-yellow  colour.  It  is  inso- 
luble in  water,  and  is  the  only  known 
compound  of  the  metal  with  oxygen.  It 
is  constituted  of 

1  equivalent  of  cadmium     -    -  56 
1        ditto        oxygen    -    -    -    8 
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It  is  sohible  in  the  adds. 

Manoansss. — 28  ? 

(5  307.)  Manoanbsb  is  never  fbund 
native  in  the  metallic  state,  the  sub- 
stance commonly  known  in  the  arts  by 
that  name  being  an  impure  oxide.  The 
metal  is  extremely  refractory,  and  more 
difficult  of  Aision  even  than  iron.  It  is 
of  a  dusky-white  colour,  but  bright  and 
shining  in  its  fracture.  Its  specific 
gravity  is  about  8.0.  It  is  very  brittle, 
■con  tarnishes  on  exposure  to  the  air» 
and  crumbles  into  a  brown  powder. 

Manoanbss  and  Oxygen. 

Protoxide  of  Manganese,— 36, 

(1  M.  23  -h  1  O  8.) 

(}  308.)  Considerable  uncertwnty  still 
exists  with  regard  to  the  various  com- 
pounds of  manganese  with  oxygen.  The 
protoxide  may  be  formed  by  mixing 
the  deut  oxide  (presently  to  be  described) 
with  charcoal,  and  exposing  it  to  a 
strong  red  heat ;  or  by  passing  a  current 
of  hydrogen  over  the  same  oxide  heated 
to  redness  in  a  porcelain  tul>e.  When 
pure  it  is  of  a  green  colour,  but  speed- 
ily becomes  brown  from  the  absorption 
of  oxygen.  It  may  also  be  produced 
by  dissolving  the  common  black  oxide 
of  manganese  in  sulphuric  or  nitric 
acid,  adding  a  little  sugar,  and  precipi- 
tating, by  solution  of  potash ;  a  white 
powder  may  be  thus  collected,  which  is 
a  hydrate,  and  which  being  heated  to 
redness  out  of  the  contact  of  air,  gives 
off  its  water,  and  yields  the  oxide.  It 
takes  fire  when  gently  heatedy  and  is 
converted  into  the  deutoxide. 

Deutoxide  qf  Manganese, ~^0, 

(1  M.  28  -I-  IJO.  12.) 

($309.)  Ths  deutoxide  of  manganese 


is  readily  prooured  by'txpoiilte^'tllt  pte» 
oxide  to  a  low  red  heat.  It  is  <h  t 
brown  colour.  It  presents  the  aiKWitlj 
of  an  equivalent  and  a  half  of  cnmen 
united  to  the  metal.  When  exposed  ft 
the  air  it  slowly  absotbs  oxygen,  tnd 
returns  to  the  state  of  peroxide.  Both 
these  oxides  form  the  bases  of  salils 
compounds. 

Peroxide  of  Manganese.^^. 

(1  M.28  +  2  0. 10«) 

($  310.)  This  compound  is  found  naim 
in  abundance,  and  is  used  in  the  ute 
for  discolouring  glass,  and  for  the  ni- 
nufacture  of  chlorine  for  bleediing.  II 
is  commonly  of  an  earthy  appearsnee, 
and  mixed  with  other  ingredients ;  but 
it  is  not  unfirequently  met  with  in  cm- 
tals  of  a  black  colour  and  aelsiUl 
lustre.  It  under^es  no  chmnge  on  tt* 
posure  to  the  air.  It  is  inSohible  k 
water,  and  does  not  unite  ^therwttl 
acids  or  alkalies.  It  has  the  eiligidtf 
property  of  inflaming  Unseed  oil,  utaM 
previously  well  dried  and  kneedidllll 
it  On  exposure  to  red  beet  it  ghM  eH 
oxygen  {§  36),  and  is  converted,  sf 
above  stated,  into  deutoxide. 

Manganeseous  and  Mangmikmie  Aelik 


($311.)  Thsrb  is  reason  to 
that  manganese  unites  with  addrtmil 
proportions  of  oxygen,  and  forme  Uk 
distinct  acids ;  but  the  sul^ieet  reqaiiei 
fiirther  investigation  before  it  can  M 
considered  as  finally  determined.   Wlnl 
the  peroxide  of  manganese  is  mixed  witt 
an  equal  weight  of  nitre,  and  exposei 
to  a  red  heat,  a  green-coloured  mass  il 
obtained,  which  has  Ions  been  knovl 
by  the  name  of  mineral  dunndeon.  CM 
dissolving  this  substance  in  water,  % 
green  solution  is  obtained;  the  ookrar 
of  which  soon  changes  in  succession  to 
blue,  purple,  and  red,  and  ultimatdf 
disappears  entirely.      The  experimoii 
may  be  varied  by  putting  equal  quanta 
ties  of  this  substance  into  two  dart 
vessels,  and  pouring  into  the  one  hob 
and  into  the  other  cold  water.    The  h3 
solution  will  have  a  beautiful  green  ei» 
lour,  and  the  cold  a  deep  .purple,    tin 
shades  will  vary  as  the '  temper^toii 
alters.    These  green  and  red  ookmn 
have  been  ascnbed  to  the  suoceenn 
formation  of  the  two  acidil,  ' 
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CHAPTER  IX.  formed  and  collect  in  the  part  of  the 

_  _     ,      , .  ,     ,      ,       .  tube  kept  cool  for  that  purpose. 
Metals  which  absorb  and  retain        xhii  extraoidinary  metal  is  solid  at 

^en  at  high  temperatures,  and  f^e  ordinary  temperature  of  the  atmos- 

npose  fVater  at  common  tempe-  phere ;  but  it  is  soft,  and  easily  moulded 

•«,  or  the  Alkaline  Metals,  ty  the  fingers.    In  colour  and  lustre. 

Potassium,          Calcium,  "^^"^  n^^*'?,  ?"*•  >|  «^**y  resembles 
,.                     j^.  mercury.     It  is  perfectly  opaque,  and  a 
Sodium,              JSariurn,  ^^^  conductor  both  of  heat  and  eleo- 
Lithium,              Strontium,  tricity.    It  is  lighter  than  water ;  its  spe- 
ir  Binary  compounds.  cific  gravity,  at  60^  being  0.865.    It  is 
,^                           i_           X  1  ^^^  perfectly  fluid  till  its  temperature 
•  We  come  now  to  those  metds  reaches  160*  Fah. ;  and  it  may  be  sub- 
attraction  for  oxygen  is  of  the  limed  at  a  red  heat,  provided  the  air  be 
itense  degree;   which  absorb  it  perfectly  excluded.    When  heated  in  the 
tie  atmosphere,  retain  it  at  the  ^[^  it  bums  with  a  white  flame ;  and, 
heats,  and  detach  it  from  water  ^hg^  thrown  upon  water,  it  acU  upon 
t  common  temperatures.    Their  that  fluid  with  great  violence,  swimming 
had,  for  ages,  resisted  all  attempts  ^pon  its  surface,  and  burning  with  gn^ 
me  them,  when  at  length  they  were  splendour.  It  oxidiies  rapidly  in  the  ain 

0  jrield  to  the  decomposing  energr  ^nd  ©an  only  be  preserved  under  naphtha 
rdtaic  pile.  The  secret  of  their  q^  other  light  fluids,  into  the  composition 
ition  being  once  developed,  some  ^f  ^^jch  o»rgen  does  not  enter,  or  in 

1  have  been  since  reduced  by  rfaig  tubes  hermeticaUy  sealed, 
means;  but   the    majonty   can 

t  have   their  prevailing  affinity  Potassium  aicd  Oxtoin« 

illy  suspended  by  the   electric  -»    .     . .    ^  „  .  «  ^    i. 

«.     Thire  is  a  striking  resem-  Protoxide  qf  Potassium,  or  Potaih.^4S. 

between  the  properties  of  the  (I  P.  40  +  1  O.  8.) 

)f  all  these  metals :  they  weem-  ^.  3^4  ^  ths  jprotoxide  of  potassium, 

ily  denommated  alkaltef.    Their  ;^^„jonly    cafled    potash,  Is  alwayi 

liot,  bitter    and  caustic:  they  ^^^^  ^^^  potasiium   b    put  in\o 

-e  or  less  soluble  in  water:  they  ^^^  ^  %^  to  diy  air  or  oEygen 
the  colours  of  vegetable  blues  to  Bythrfirst  process,  even  wfien 

and  yellows  to  brown;  charao^  f^^  ,^,„J[j^„  ^  evaporated  to  drynesi, 

ich  correspond  with  those  which  ^^j  ^      ^  ^^  ^  ^heat.  it  retinn 

J  described  as  existing  m  the  to-  proportion  of  water;  by  the  second  it  ia 

kah,  ammonia  (J  79).  anhydrous.    The  anhydrous  oxide  may 

also  be  obtained  by  decomposing  nitrate 

PoTASSiiTM.— 40.  of  potash  (nitre),  at  a  red  heat,  in  a 

If  a  thin  piece  of  hydrate  of  vessel  of  gold.    In  this  state  it  is  white, 

slightly  moistened,  be  placed  be-  extremely  caustic,  and  fusible  a  little 

no  plates  of  platinum  connected  above  a  red  heat.  It  has  an  intense  affi- 

»  extremities  of  a  voltaic  appa.  *nty  for  water,  which  it  abtorba  flrom 

'  200  double  plates,  four  inches  the  air.    When  once  combined  wtth  it, 

it  will  soon  undei^  fusion;  it  cannot  be  whoUy  eagpelled by  the  most 

will  separate  at  the  positive  pole,  intense  heat.  The  iohd  hydrate  of  potash 

01  metallic  globules  will  appear  >»  composed  of 
egative  surface.    The  metal  can  1  eqmvalent  of  potash     -    48 

us  be  obtained  in  very  small  1        ditto         water-    -      9 

es,  but  quite  sufficient  to  deter-  — 

characters.    After  this  impor-  57 

20very  was  made,  it  was  found  ...  .  .        " 

t  same  decomposition  might  be  It  is  in  this  state  that  it  is  commonly 

by  the  power  of  elective  affinity,  met  with.    It  is  easy  to  ascertain  the 

by  strong  heat,  and  the  metai  quantity  of  oxygen  which  enters  into  the 

Aced  in  much  greater  abundance,  composition  of  potash  by  the  volume 

turnings  be  heated  to  whiteness  of  hydro^n  hberated  during  the  action 

iirved    gun-barrel,  and   potash  of  potassium  on  water;  for,  when  the 

ttid  made  slowly  to  eome  m  con-  metal  is  plunged  at  once  under  that 

th  the  tumioigs,  the  air  being  fluid,  it  ia  oiidiMdiii&!lM)^\.^QBA««^SfeQ^^ 

f  txebu^cd,  potasahui  wili  b^  of  yij^tAdViMX^  %»4  tM^  ^gcvok.  ^iv^ 
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'taches  1.06  enbic  inch  of  hydrogen  g^.  PoTAniuM  Ajro  CaLORim.' 

Hence  75  parts  of  potassium  condense  CUoride  of  PoUurium. — 76. 

15  parts  of  oxygen  to  become  potash,  (1  P.  40.  +  1  C.  36.) 

•       '*.;?J=  r  "*"•  *^'^°"  P"*"'*    «  316.)  Whbn   smaU    pieces  of  no. 
»  constituted  of  tissium  are   introduced  Into  ddoiKi 


1  equivalent  of  poUwium-    -    40       ^e  inflammation  is  very  intense.    

1        ditto        oxygen      -    -      8  .^    ^^sorbs  1.1  caUe  iodi  of  tti 


.g  gu>  and  the  white  saline  body  wlikh  ■ 

_  formed,  is  constituted  of^ 

The  potash  of  commerce  b  obtained,  in  }  ^"^^^^  SSSb"        36 

an  impure  state,  by  the  incineration  of  _ 

vegetable  matters,  and  hence  is  desig-  j^ 

nated  as  the  vegetable  alkali.  The  purest  __ 

isdisHngui8hefbythenameof|)«irtoA.  chloride  of  potassium   is   soluble  ■ 

To  render  it  perfectly  pure  for  chem«ca^  ,      ^  crystaUixes  from  its  solntiM 

purposes,  pearlath  shoidd  be  dissolved  .     ^^^  ^„tion.    It  has  a  bitter,  dii. 

m  twice  its  weight  of  boiling  water :  an  '-.gi„  taste 

equal  weight  of  fresh  burned  lime,  re-  "S^he  attraction  of  cUorins  far  potas- 

duMd  to  a  powder  by  slaking,  must  then  j       ■    stronger  than  that  of  omn-. 

be  equdly  diffused  through  it,  and  the  ,     ^,^  ^  »jj           decoimoSTbi 

whole  boiled   and  stirred   m  an  iron  Ic.  re  •  "•»«'■»"«■"  "•>  i™7^^*!~j^  "3 

vessel  for  half  an  hour.    The  clear  so-  ***  ^J^  i'l'llll°il[!?*  ^""^  *~*^ 

lution.  carefully  separated  from  the  se-  *"**  °*y8«»  extncateo. 

diment,  must  next\)e  evaporated  to  dry-  Ahoys  of  Potassiuk. 

ness  in  a  silver  dish.    Pure  alcohol  will    ^,  «, ,  v  t.  t..         •.«_ 

now  take  up  only  the  perfectly  pure  hy-  « .^l^O  Potassium  combine,  nddb 

drate  of  potash,  which  may  be  obtained  "T'^^  '^^^^'T  i  «°d  the  union  u  ,^ 

in  the  sofid  form  by  evaporating  or  dis-  ^y  F'^^'^^l  ?""f "«  ♦^^  ^"^^  ™^" 

tilUne  oflP  the  snirit  in  silver  vessels  contact  at  the  temperature  of  the  iir. 

S-u   S  A    ♦     >  ^4    u  u           •  ™  ,  •  The  amalgam  is  soft  and  malleabk :  btt 

The  hydrate  of  potash  has  an  mtensely  *"^»'"«6»*"  »»"/«•  «»"»*f^«*"'»f  y^ 

acrid  t^aste,  and  destroys  the  texture  of  J^f  ^oUdity  and  bntt^encsa  mcrnae  with 
animal  and  vegetable  substances.  It  ^^'^  PJi^P^'^^^^A?''- "!?^  Th»  ant- 
changes  blue  veletable  colours  to  green,  pound  may  be  obtained  by  a  venr«i9 
ancTneutralizes''  acids  without  effer-  process  by  those  who  powes.  a  ydto 
vescence.  It  rapidly  attracU  mois-  P?^^  ^^  ^"^y  ^^^n^X  .P^**«;  >  ^ 
ture  and  carbonic  acid  from  the  air.  fl^^l"^  °^  ^^^^J^7  ,"*  ^f^  *?  ?^ 
It  is  extensively  used  in  several  ma-  the  bottom  of  a  flat  glaM  dish,  of  about 
nufactures.  *^*°  mches  diameter:  this  is  covered 

with  a  strong  solution  of  pure  potarii; 

Peroxide  of  Potassiumr^A,  ^^  iron  wire  must  connect  the  negalitt 

_  pole  of  the  battery  with  the  merany, 

(1  P.  40,  +  3  0. 24.)  and  a  platinum  wire  from  the  positivt 

\a  oxk\  \vr ,  ^^i--  •        •     u        J  pole  must  dip  into  the  alkaline  solntios 

(5  315.)  When  potassmm  is    bunied  Jviihin  about  a  line  of  the  surface  of  the 

Z^^''^^^  T  '''■  ""  ''''^^?  ?S'  '^k'  n^ercuiy.    With  such  an  arrangement. 

converted  int^  an  orange-coloured  sub-  ^^re  than  1200  grains  of  mertS^ifl 

stance,   which  is    the  peroxide  of  the  u^^^^  -«i:j  :«  *.««  «  %  .  "r^***"/  '*" 

metal.    It  may  likewise  be  formed  by  '"^T                twenty-four  hour*, 

passing  a  current  of  oxygen  ™er  pot  ftj^!h  "i^?™„TZ  1^1^'  *"^^ 

«hat*a  red  heat.    When  this  peroxide  !^Jld  ,„  T, '  f™  .  Jp^P'k  "  .^ 

is  thrown  into  water,  a  solution  of  pot-  'l^'^L*"  'f%u  T*         n  J^  *"*.'?' 

ash  (or  protoxide)  is  formed,  and  oxywn  V^L  j!t  ''T^""*  »",  «?e   metaK 

is  given  off  with  efferves^nce.    It  is  ""^  even  of  acting  upon  platmum. 

composed  of  Potassium    unites    also  with  kM, 

1  equivalent  potassium      40  «lver,  and  copper  ;  and  when  the  afioys 

J        aiuo        oxygen         24  poggj,  » g<,lution  of  potasli  is  fonnci 

and  the  metals  are  separated  unaltered. 

—  Sooiuif. — ^24. 

^"L'*  -i  ^"'*^  ^  '?°?J5'*'  ?**»  (J  318.)  SoDioic  may  be  obtained  bf 

contact  with  combustible  bodies,  they  exactly  the  same  efccfrieal  and  chemiod 

bum  nruny  a  tbe  excess  of  its  oxygen,  ^rooeiact  u  voVvinaiii,  b)  wtfat^iqai 
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drtte  of  soda.  It  requires,  how- 
stronger  voltaic  power,  and  a 
legree  of  heat  to  effect  the  de- 
ition.  The  metal  is  as  white  as 
lossesses  great  lustre,  and  is  a 
iductor  of  heat  and  electricity.  It 
midleable,  and  perfectly  opaque, 
ffhter  than  water;  its  specific 
being  0.972.  It  is  less  fusible 
tassium,  not  becoming  perfectly 
U  it  acquires  a  tempmture  be- 
)  0^  and  1 9  0^  F.  When  exposed 
tmosphere,  it  tarnishes ;  but  is 

rm  air  that  has  been  artiiici- 
When  thrown  upon  water, 
ces  a  violent  effervescence  and 
noise,  but  does  not  inflame.  It 
ly  diminishes  with  great  agita- 
solution  of  soda  is  produced, 
drogen  escapes.  When  heated 
sing  point  in  air,  or  oxvgen  gtiSj 
sea  rapidly  ojudated  ;  but  does 
ime  til!  nearly  red  hot,  when  it 
ith  a  white  light,  accompanied 
I  sparks.  Like  potassium,  it  is 
served  under  the  surface  of  pure 

Sodium  and  Oxygbn. 

ie  of  Sodium,    or  Soda. — 33. 

(I   S.  24  +  1  O.  8.) 

)  Thb  protoxkle  of  sodium,  or 
I  formed  when  the  metal  is 
in  perfectly  di^.  atmospheric  air. 
9  formed  when  sodium  is  thrown 
ter,  and  its  composition  may  be 
ned  by  the  quantity  of  hydrogen 
s  liberated.  Upon  evaporating,' 
tion,  however,  obtained  by  the 
uis,  the  soda  is  obtained  in  the 
a  hydrate,  from  which  the  last 
I  of  water  cannot  be  expelled  by 
ree  of  heat  It  is  composed  of 
equivalent  oxide  32 

ditto       water  9 

41 

Ie  itself  being  a  compound  of 
equivalent  of  sodium       24 
ditto    oxygen  8 

the  equivalent  of  soda  32 

lid  hydrate  is  easily  fusible  by 
ind  extremely  caustic;  it  is 
in  water  and  alcohol,  and  pos- 
l11  the  alkaline  properties  in  an 
;  deg^e.  It  is  found  in  com- 
n  an  impure  state,  and  is  largely 
maiiy  importuit  manuikotmies. 
heptaiSedbfM  iliiiilarptoeeas 


to  that  for  obtaining  pure  potash. 
Under  the  name  of  natron,  it  is  found 
native  in  mineral  seams  or  crusts,  ami 
hence  has  been  called  the  minercd  alkalL 
It  is  also  largely  produced  by  the 
incineration  of  sea-weeds. 

Peroxide  of  Sodiunk-^0, ' 

(1  S.  24  +  2  O.  16.) 

((  320.)  Whbn  Sodium  is  strongly 
heated  in  an  excess  of  pure  oxygen,  an 
orange-coloured  substance  is  formed, 
whicn  is  the  peroxide  of  the  metal.  It 
is  very  fusible,  and  a  non-conductor  of 
electricity.  When  acted  upon  by  water, 
it  gives  off  oxygen  and  forms  a  solution 
of  soda.  It  deflagrates  when  heated  with 
combustible  bomes.    It  is  constituted  of 

1  equivalent  of  sodium    -    -     24 

2  ditto        oxygen     -    -    16 


40 


Sodium  and  Chlorinb. 


Chloride  of  Sodium,  or  Common 
So//.— 60. 

(1  S.  24  +  1  C.  36.) 

(§  321.)  Sodium  bums  in  chlorine,  and 
is  converted  into  a  white  compound, 
having  all  the  characters  of  the  well- 
known  substance  common  salt.  The 
same  product  may  also  be  formed  by 
heating  the  metal  in  muriatic  acid  gas, 
when  Jiydrogen  is  liberated  and  the 
chloride  formed.  It  is  an  abundant 
product  of  nature,  and  is  become  a 
necessary  ingredient  of  the  food  of 
man,  and  of  essential  utility  in  many  of 
the  arts.  It  is  soluble  in  water,  and 
crystallizes  from  its  solution  when  the 
water  is  evaporated.  It  fuses,  but  does 
not  undergo  any  other  change  from  a 
strong  heat.  The  attraction  of  sodium 
for  chlorine  is  not  so  strong  as  that  of 
potassium :  hence,  when  the  latter  metal 
and  common  salt  are  heated  together, 
sodium  is  obtained.  The  chloride  of 
sodium  is  composed  of 

1  equivalent  of  sodium      .      .      24 
1        ditto        chlorine     .      .      36 

and  the  equivalent  of  common  salt  is  60 

Lithium. — 10. 

a  322.)  Lithium  has  very  lately  been 
discovered  in  the  state  of  an  oxide 
or  alkali  in  two  or  three  rare  minerals ; 
and  in  this  respect  offers  a  strong  con- 
trast to  the  abundanl  dia^V^io^^oTi  ^\^^ 
vegetable  and  Ymnmi  iSiMi&»a  ^tiXAi^ 
ire  heie  Juitbeea  dtmardssD^  AX^dm^ 
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been  reduced  to  the  metallic  state  b^  evolved  by  the  action  of  oalcinni  upcn 

the  power  of  the  voltaic  battery ;  but  it  water,  it  hai  been  calculated  that  hme 

burned  again  ao  rapidly,  that  it  waa  is  compoted  of 
onlv  observed  to  be  of  a  white  colour*        1  equivalent  of  calcium     »    •    20 
and  much  to  resemble  sodium.  1        ditto        oxygen       •    •      s 

Lithium  and  Oxygen.  ^^^  ^^^  equivalent  of  lime  -    M 
Ltthta, — 18.  Limg  |g  ^  well-known  and  highly- 

(1  L.  10  +  1  O.  8.)  important  substance,  whose  compoones 

<i  323.)    Pure  owde  of  lithium,  or  •«  ^^^^X  distributed  in  aU  the  lra*> 

Ijthia,  has  a  veiy  sharp,  burning  taste,  ^^ms  of  nature.    When  pure,  m  ^InA 

and  rapidly  corfodes  the  cuticle,  like  »♦»?«  i*  m»y  ^  obtained  by  «xpom| 

potash.    II  is  soluble  in  water  with  the  ^>t«  mwb|f«  pr  calcaieoua  sMr  tot 

evolution  of  heat,  but  very  sparingly  wrong  red  heat,  it  is  a  soft  white  ra^ 

soluble  in  alcohol.   It  shx)njrly  possesses  f^'^^^Lli   ii'^?  .    .F^J**^  ®'^" 

all  the  alkaline  properties.  When  heated  *♦  ?»  perfectlyflxed  in  the  fire,  and  r^ 

in  contact  with  plVtinum,  it  fuses,  and  q^***.;  «"  «J«»«  ^^^^  for  it"  fuaioi; 

acts  upon  the  metal.    If  exposed  to  the  ^f  ^L""??'?.**'^)^  promotes  the  fiisioa 

air,  it^oes  not  deliquesce,  but  rapidly  ?^  earthy  bodies,  and  is  therefore  usd 

attracts  carbonic  acid.    It  is  composed  of  m  metaUurgy  as  a  powerful  JIujp.    Ih 

1  equivalent  of  lithium      -    -    10  taste  is  caustic,  alkalme.  and    aata- 

1         ditto        oxygen       -    -      8  «««♦•    ^^ "  sparingly  soluble  m  — 


rec{uiring    at  60°  Fah.  750  times  ih 

«« J  aua  ^^..:««i^«»  ^f  luiiSi.  ;•         1 Q  weight  to  effect  the  solution.       It  ii 

and  the  equivalent  of  lithia  is    -    18  ^^  ^^  ^^^^^^  .^  ^^^  ^^^  .^  ^ 

water;    ao   that  when    lime-water  ■ 

CALCltTiC. — 20.  boiled,  the  lime  is  precipitated,     it  Ml* 

($324.)  Calcium  has  only  hitherto  been  ders  vegetable  blue  colours  green,  anl 

obtained  in  minute  quantities  by  the  yellows  brown.    Lime  absorbs  moistiaf 

power  of  electrical  repulsion^   acting  nrom  the  air.  and  becomes  eonvcrtil 

upon  lime ;  which  has  ny  these  means  into  a  hjrdrate.  which  is  also  fonmi 

been  proved  to  be  an  oxide  of  the  metaL  when  quick  lime  (as  it  is  commoidr 

The  process  may  be  repeated,  with  a  called)  undergoes  the  process  of  «M 

battery  of  sufficient  power,  by  forming  ing.    This  consists  in  sprinkling  it  wift 

some  pure  hme  into  a  paste  with  water,  water,  which  it  greedily  absorbs;  ginng 

and  placing  a  globule  of  mercury  in  a  out,  at  the  same  time,  a  great  qmmtitf 

small  cavity  in  its  surface.    It  may  be  of  heat    The  hydrate  is  a  white  bidlf 

placed  upon  a  metallic  plate  connected  powder,  which  consists  of 

with  the  positive  wire  of  the  battery ;  1  equivalent  of  lime     -     -     98 

while  the  negative  wire  is  made  to  dip  I        ditto        water     -      -       9 

into  the  mercury.    When  the  process  -. 

has  been  continued  sufficiently  long,  an  S7 

amalgam  of  calcium  is  obtained,  wtiich  -~ 

may  be  put  into  a  small  retort  with  It  parts  with  its  water  at  a  red  hett. 

naphtha  enough  to  coyer  rt.    Upon  ap-  Deutoxide  qf  CaMum.-^6. 

plying  heat  the  naphtha  first  nses  m  /iPonj.onii:\ 

vapour,  then  the  mercury,  and  the  cal-  ,.  ,^^  .    ^i         ^v-tZKJ,  le.; 

cium  remains  fixed.    It  has  been  oh-  <Mf«->  ^y  passing  oxygen  gas  over 

tained  in  such  small  quantities,  that  but  '«"*^^^  h'^^^H ?*^  'f  absorbed,  and 

little  is  known  of  its  nature.  The  metal  ?JP^'^i?^®  ^  ^^^»^™  ?™^  ^*»^  » 

is  white,  with  the  colour  and  lustre  of  beheved  to  be  composed  of 

sUver.    When  gently  heated  in  air,  it  i  eqmya^ent  of  calcium    -     .     80 

takes  fire,  and  burns  with  an  intense  ^        ^'"^          ^^i'S*"     -    -     1« 

white  light  into  lime.    When  the  amal*  TT 

gam  of  calcium  is  thrown  into  water,  ^                       n 

hydrogen  is  given  oflf,  and  a  solution  of  Oalciuh  and  Chlorikb. 

hme  is  fomi^.  Chloride  of  Calcium. — 56. 

Calcium  and  Oxygen.  (*  C.  20+1  Ch.  36.) 

Protoxide  qf  Calcium,  or  /4me.— 28.  gf^^^.  '^"f  chloride  of  calcium  has  not 

r7n  «A  . ,  ^  o  X  *^"  duwtlv  made,  on  account  of  the 

(1  0. 20+1  0. 8.)  great  scarefty  of  the  met«l  j  Imt  ««Mi 

&3^.)  Aoir  the  quantity  of  hydrogen  V^ne  Um^  la  healbei  \bi  wMil^^i 
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oxygen  is  eyoWed  and  the  ohkiride  pro- 
duced*   It  if  composed  of 

1  equivalent  of  calcium    -     -    20 
1        ditto        chlorine     -     -    36 


56 


When  it  is  exposed  to  the  air,  it  deli- 
quiates  rapidly ;  and  the  solution  is  of 
a  thick  oily  consistence,  and  of  a  bitter 
acrid  taste.  Its  athraction  for  moisture 
is  so  great,  that  it  is  yery  commonly 
employed  in  chemical  experiments,  for 
drying  gases,  and  other  products  ($  84 
and  174),  by  passing  them  over  its 
surface.  It  ma^  be  crystallised,  and 
when  mixed  in  tms  state  with  new-fallen 
snow,  a  degree  of  cold  may  l)e  produced 
sufficient  to  freeze  mercury. 

BARinic.^70. 

(4  3S6.)  Barium  has  been  obtained  in 
email  quantities,  by  a  process  exactly 
similar  to  that  for  obtainmg  calcium,  the 
paste  being  formed  of  a  mineral,  called 
Carbonaie  qf  Baryte9.  The  residue  of 
the  distillation  in  this  case  is  a  dark- 
grev  metal,  whose  lustre  is  inferior  to 
that  of  cast-iron.  It  fuses  at  a  heat 
below  redness;  and  if  heated  to  red- 
ness, U  converted  into  vapour,  which 
aots  violently  upon  glass.  From  some 
experiments  which  have  been  made 
upon  it,  it  is  prpbably  four  or  five  times 
heavier  than  water.  When  exposed  to 
the  air,  it  falls  into  a  white  powder, 
vtrhich  is  the  protoxide  of  the  metal ; 
and  when  thrown  into  water,  it  acts 
with  great  violence,  producing  hydrogen 
sras,  and  a  solution  of  the  oxide.  When 
heated  in  the  air,  it  combines  with  its 
oxygen  more  rapidly,  burning  with  a 
deep*red  light. 

Barium  and  OxYOxm 

Protoxide  of  Barium,  or  Baryta.*^7S. 

(1  B.  70  +  108.) 

(i  329.)  Thi  oxide  formed,  as  above,  hf 
the  combustion  of  metallic  Barium,  may 
more  readily  be  obtained  by  the  oomr' 
bination,  at  an  intense  heat,  of  cor^ofiols 
qf  baryta  mhud  with  charcoal  This 
salt  is  a  native  product,  and  may  also  be 
prepared  br  art.  The  more  simde 
operation,  nowever,  is  to  dissolve  the 
carbonate  in  nitric  acid,  and  then  to  de- 
compose the  nitrate :  which  may  be  ef* 
feeted  t)v  a  moderate  neat 
Baryta,  wtoi  pure,  has  a  sharp  caustio 

A  vNik  WOra,  iifHI  ]fU|f  m$&tff  nMi  iti 


taste ;  changes  v^table  blue  colours  to 
green,  and  neutralises  the  acids.  It  is  poi- 
sonous, as  are  all  its  soluble  compounds. 
It  is  generally  obtained  in  the  form  of  a 
grey  powder  of  the  speciiic  gravity  of 
about  4.  It  is  insoluble  in  pure  alcohol, 
but  has  a  verv  strong  affinity  for  water. 
It  may  be  tlaked  in  the  manner  of  quicks 
lime,  but  with  the  evolution  of  a  much 
greater  degree  of  heat.  The  hydrate  thus 
formed  is  composed  of 

1  equivalent  of  baryta    -    78 
1        ditto        water      -      9 


87 


It  melts  at  a  red  heat,  but  does  not  part 
with  its  water  at  the  highest  temperature 
of  a  8mith*s  forge.  It  dissolves  in  twice 
its  weight  of  tailing  water,  and  in  20 
parts  of  water  at  the  temperature  of  60^ 
Fah.  The  boiling  solution,  upon  cooling, 
deposits  regular  crystals,  which  consist 
of 

1  equivalent  of  barytes  -    78 
20        ditto        water     -  180 

258 
19  of  which  are  driven  off  by  a  red  heat. 
They  communicate  a  yellowLsh  colour  to 
the  flame  of  alcohol.    The  protoxide  is 
composed  of 

I  equivalent  of  barium    -    70 
1        ditto        oxygen     -      8 


78 


Peroxide  (^Barium, — 86. 

(1  B.  70  +  2  0. 16.) 

a  330.)  Barium  may  be  made  to  unite 
with  a  further  proportion  of  oxygen. 
When  pure  barytes  is  ignited  in  oxygen 
the  gas  is  ra|ndly  absorbed,  and  a  grey 
compound  formed.  It  is  biest  prepared 
by  passing  a  current  of  dry  oxyeen  over 
the  oxide  placed  in  a  glass  tube  hori- 
zofitally  fixed  in  a  furnace,  and  heated 
io  redness.    It  is  composed  of 

1  equivalent  of  barium    -    70 

2  ditto        oxygen   -    16 


86 


a  331.)  It  is  from  this  compound  that 
the  oxygenized  water,  before  descrit>ed 
($  54.),  IS  prepared.  When  acted  upon 
by  liquid  muriatic  acid  it  abandons  part 
or  its  oxygen,  and  is  reduced  to  the  state 
of  protoxide :  which  is  dissolved  by  the 
acid,  while  the  oxygen  unites  with,  tlsft, 
water.   tt()!^\un&  «jc»\  ^wr&q^^  W^j^ail. 
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to  this  solution  forms  an  insoluble  pre- 
cipitate with  the  barytes,  and  the  muri- 
atic acid  is  again  set  free ;  which  is  thus 
made  to  act  upon  successive  portions  of 
the  peroxide,  until  the  water  is  fully  sa- 
turated with  oxygen.  The  muriatic  acid 
is  then  removea  by  dropping  in  some 
sulphate  of  silver ;  when  another  inso- 
luble prrapitate  falls  down  and  the  re- 
maining sulphuric  acid  is  abstracted  by 
a  solution  of  pure  barytes.  The  perfect 
success  of  this  process,  though  simple  in 
theory,  depends  upon' many  practical 
precautions,  and  must  be  carried  on  in 
vessels  surrounded  with  ice. 

Barium  and  Chlorine. 

Chloride  of  Barium. — 106. 
(1  B.  70  +  1  C.  36.) 

0  332.)  When  pure  barvta  is  heated 
in  chlorine,  oxygen  gas  is  liberated,  and 
a  chloride  of  barium  formed— which  is 
composed  of 

I  equivalent  of  barium  -    70 
1        ditto         chlorine-    36 


and  strontia  of 

1  equivalent  of  strontium    44 
1        ditto         oxygen  -      8 


52 


106 


Stromtiuh.— 44. 


(§  333.)  Strontium  may  be  obtained, 
in  minute  quantities,  by  the  same  pro- 
cess as  barium ;  substituting  the  carbo- 
nate of  strontia,*  which  is  a  native  pro- 
duct, for  the  carbonate  of  baryta.  It 
resembles  barium,  is  fusible  with  diffi- 
culty, and  not  volatile.  It  decomposes 
water  with  the  evolution  of  hydrogen, 
and  is  converted  into  an  oxide  by  ex- 
posure to  the  air. 

Strontium  and  Oxygen. 

Protoxide  of  Strontium, 
or  Strontia. — 62. 
(I  S.  44  +  1  O.  8.)  . 

(§  334.)  The  protoxide  of  strontium,  or 
strontia,  may  be  obtained  by  exposing 
nitrate  of  strontia  to  a  strong  reu  heat. 
It  is  a  grev  substance  which  possesses 
distinct  alkaline  properties.  It  may  be 
slaked  with  water,  which  causes  an  in- 
tense heat  The  solid  hydrate  is  com- 
posed of 

1  equivalent  of  strontia  -    52 
1        ditto         water      -      9 
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*8o  ea]J«d  from  Btvontia^m  ScoUaad,  where  it 
mu£nt  diieonwd. 


The  hydrate  fuses  at  a  red  heat;  bo} 
its  water  cannot  be  driven  off  by  the 
strongest  temperature  of  a  blaait  iunuiee. 
It  is  very  soluble  in  boiling  water, 
which  deposits  it  in  crystals,  upon  beiiif 
allowed  to  cool  undisturijed,  whi^  an 
composed  of  one  equivalent  of  the  oxide^ 
and  twelve  of  water.  They  are  inso- 
luble in  alcohol,  but  impart  a  blood  nd 
colour  to  its  flame. 

It  differs  from  baryta  in  not  beiif 
poisonous :  but  its  taste  is  acrid. 

Chapter  X. 

On  the  Metals  which  are  generaB§ 
analogous  to  those  o/ the  last  dtm, 
but  whose  Oxides  are  insolubUm 

.  water,  and  insipid:  or  the 

Earthy  Mbtals. 

Magnesium,     Yttrium,    AlumimmL 

Glucinum,  Zirconium. 

($  335.)  Thb  existence  of  the  renuuB 
ing  class  of  metals  rests,  for  the  matt 
part,  upon  imperfect  results  of  enari- 
ment,  but  upon  strong  analogy.  Ibdr 
oxides,  in  which  form  only  they  east  ii 
nature,  have  long  l)een  known  by  te 
genera]  name  of  earths  :  they  ere  not 
converiible  to  the  metallic  state  by  any 
of  the  ordinary  methods  of  ledudioi^ 
and  scarcely  even  by  the  utmost  CBa>- 
tion  of  scientific  refinements:  they  sis 
insipid,  and  destitute  of  the  acrid  taste 
of  the  alkalies,  but  constitute  salifiabk 
bases  and  perfectly  neutralize  the  acids. 
These  earthy  metals  have  been  called 
Magnesium,  Glucinum,  Yttrium,  Aluflh 
inum,  and  Zirconium. 

Magnesium. — 12.  ? 

($336.)  By  exposing  Magnesia^  ineoe- 
tact  with  mercury,  for  along  time  to  fht 
influence  of  a  powerful  voltaic  bettcry, 
an  amalsram  may  be  obtained ;  wfaidL 
by  distillation  out  of  the  contact  of  tbt 
atmosphere,  affords  a  dark  fprey  metslIiD 
film.  It  has  been  collected  in  such  ven 
minute  quantities,  as  scarcely  to  sufiMl 
for  determining  its  properties.  It  k, 
however,  infusible  at  a  very  high  ta&- 
perature,  but  bums  with  a  red  lii^t,  sod 
IS  converted  into  a  white  powder  pos- 
sessing  the  properties  of  mmgoSSk 
When  thrown  into  water,  it  sinks  to  tbt 
bottom,  effervesces  slowly,  and  beoMHs 
covered  with  the  same  wmte  sobetaMe. 
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MAGirBsttTic  AND  OxYOBN.  form  of  a  fine,  white,  soft  powder.    It 

(1  M.  12  +  1  u.  a,)  ^j^y  jg  j^^^^j^  3     n  Yi2is  no  action  upon 

(J  337.)  Thb  proportion  in  which  the    vegetable  colours,  and  lu  insoluble  in 

metallic  base  of  mapnesia    combinw    ^ater,  with  which  however  it  may  be 

^ith  oxygen  has  not  been  determined    formed  into  a  ductile  paste.    It  is  solu- 

by  direct  experiment ;  but  it  is  inferred    |,ie  j^  liquid  potash  or  soda,  but  not  in 

from  the  combinations  of    the  oxide,    asolution  of  ammonia;  it  is,  on  the  other 

that  magnesia  is  a  compound  of  hand,  completely  taken  up  by  carbonate 

1  equivalent  of  magnesium  12  of  ammonia,  and  is  precipitated  from  it 

1         ditto        oxygen      -    8  ^y  l>oiling.    This  latter  property  distin- 

ftnd  that  its  combining  pro-         —  guishes  it  from  the  other  earths  with 

portion  is  -        •        -    20  which  it  might  be  liable    to  be  con- 

.  —  founded.     It  combines  with  the  differ- 

Pmre  magnesia  may  be  obtained  by    g^t  acids,  forming  salts  which  possess  a 
exposing  carbonate  of  magnesia  to  a    gweet  astringent  taste. 
strong  red  heat;  and. is  commonly  to  v^i,tTTw     ^d7 

be  met  with  under  the  name  of  calcmed  Yttrium.— 34  ? 

magnesia.    It  is  well  known  as  a  much-    (§  340.)    The  evidence  of  the  metallic 
used  medicine.     It  is  a  white,  soft  pow-    existence  of  yttrium  is  of  the  same  na- 
der,  having  a  specific  gravity  of  2.3.    fure,  and  obtained  by  the  same  means 
It  is  infusible,  and   possesses  neither    as  that  of  the  last  species. 
taste  norsmelL    It  renders  the  colour  . 

of  violets  green  when  suspended  m  Oxtde  of  Yttnum,  or  r«na.— 42. 
water;  but  is  so  insoluble,  that  if  the  ^^  341 )  Yttria  is  a  peculiar  earth  of 
water  with  which  it  has  been  mixed  g^jji  more  rare  occurrence  even  than 
be  afterwards  filtered,  it  no  longer  giucine,  having  been  chiefly  found  in 
affects  blue  vegetable  colours.  It  ab-  ^  ^^  scarce  mineral  from  Ylterby 
sorbs  a  quantity  of  that  fluid  with  the  -^^  Sweden,  whence  it  derives  its  name, 
production  of  neat,  and  is  converted  when  separated  from  its  other  associates 
mto  a  hydrate.  The  water .  may,  how-  j^  the  compound,  it  is  perfectly  white, 
rrer,  be  again  expelled  by  a  red  heat,  i^^^  yg^y  ponderous,  its  specific  gravity 
Magnesia  is  abundantly  distributed  by  ^eing  4.8.  It  is  devoid  of  taste  and 
DShire  in  the  mineral  kmgdom,  entering  gm^  and  is  smooth  to  the  touch.  It 
laivdy  into  the  composition  of  extensive  ^  insoluble  in  water,  and  infusible  ex- 
rodc  formations ;  and  also  forms  a  con-  ^p^  at  a  veiy  intense  heat  It  is  not 
siderable  proportion  of  the  ingredients  f^^d  upon  oy  pure  alkalies,  but  is 
of  sea  water,  from  which  it  is  chiefly  ob-  gUghtly  soluble  in  carbonate  of  ammo- 
laioed  for  the  purposes  of  commerce.        ,|}a.    It  forms  combinations  with  most 

n  on  0  of  the  acids. 

Glucinum.^20  ? 

<§  338.)  By  healing  a  peculiar  earth  Aluminum.— 10  ? 

called  glucina,*  with  potassium,  the  lat-  ^t  342,)  Tj^l  very  lately,  the  evidence  of 

ter  has  been  converted  into  potash;  and  ^^^  existence  of  the  metallic  base  of 

dark  coloured  particles,  possessing   a  alumine  (or  pure  clay)  was  of  the  same 

raetaUiclustrcweredisseminated  through  ijQperfect  nature  as  that  of  the  other 

the  mass,  which  regained  the  earthy  ap-  earths  which  we  have  just  enumerated : 

pearance  by  being  heated  in  the  air,  and  ^^  skilful  application  of  the  powers  of 

by  the  action  of  water.  Hence  it  is  pro-  elective  attraction  has,  however,  very 

babk  that  the  earth  is  a  compound  of  recently  effected  its  decomposition  in  a 

oxygen  and  a  peculiar  metal  to  which  ^^^  satisfactory  way.    For  this  pur- 

the  name  of  g^ucinum  has  l>een  given.  p^^gg  ^^y  chloride  of  aluminum  (pre- 

^^.    .              ^,    .         00  sently  to  be  described)  is  put  into  a  pla- 

Ojcide  qf  Gluctnum,  or  G/Mctna.— 28.  ^.^  crucible  with  about  a  tenth  of  its 

($3390  Glucina  has  been  ascertamed  ^gjg^^  of  potassium,  and  the  mixture 

to  exist  only  in  three  rare  minerals,  vi«.  gently  heated  over  a  spirit  lamp,  and 

the  bcryl,the  emerald,  and  the  eudase.  It  Afterwards  allowed  to  cool  gradually, 

has  been  separated  from  the  othwringre-  j^^  chlorine  passes  to  the  potassium 

ditnfta  with  wluch  it  is  combined,  m  the  ^^  leaves  the  aluminum.  Uponthrow- 

"~,  ing  the  mass  into  water  the  metal  Ms 
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state,  like  gunpowder.      It  possesses  AmifiKiTM  and  Chlorinb. 

a  metallic  lustre,  approaching  to  that  Ckhride   of  Aluminum,    46  9 

of  tin.    When  the  powder  is  rubbed  •  (1  A.  10  +  1  C.86.) 

upon  any  hard  substance  with  a  bur-  ..  «..v  /^       '     - ^r«i™:J.,«« ^-« k. 

nUer.  the  parlide.  adhew  together  and  <K^^i,Sf  T'^^ff'XSS^Jf^/  ^ 

form  k  8u4ee  which  strongly  reflect,  produced  ^he  direct  combimUionof 

the  liKht.    It  has  a  powerful  afcnWy  for  •«»  .tw»  ingredients.    It  may  bo  more 

oxygen,  but  is  not  rSdUy  altered  by  ex-  «»''y  procured  by  calcining  pure  alumiw 

posure  to  either  air  or  water  at  common  Mtm>»telv  m.x«l  up  with  w^gar  and  oU. 

temperatures.     When  heated  in  oxygen  *J«*  P^^?^""'^,  XJlitl  TT 

gas 'it  bums  with  great  splendour,  and  '^  *  ^.  ^.,  ^tJ^ff^^  *„ 

the  evolution  of  intense  Heat  which  is  *W' »"'**'«  ""^  "*/'^|^*^f  *?J?? 

wfllcient  to  partially  fuse  the  alumine.  or  f  »he  «!""«"«•  J"^«*r»^»>»^" 

oxide,  which  is  fonied.  and  which  is  one  fo™>ed  =  *i^«  ^^"S.,  "?S  J''  ^fTl«S 

of  the   most   infusible   substances  in  ""tej  "'?»>  <he  cW^nne.    The  chlon* 

nature.    Aluminum  is  perfectly  fixed  at  «'   l^""?'""?  "  !„/!S''.  t.!?J?!!ZS 

the  highest  temperatures  to  which  it  has  Tf*"?^  J^ '"  7* JSZ  mnuft^^S^ 

been  possible to%ose  it  ^^21^  aiVaSd  ddiquT^e^" T1.rS£ 

Aluminum  and  Oxygbn*  tion  is  sensibly  acid. 
Oxide  of  Aluminum,  or  Aiumine. — 18?  n      Zieconium. 

(  1  A.  1 0  +  1  0. 8.)  ^j  34  J  ^  .j.^^  metallic  base  of  zirconitd 
($343.)  The  oxide  of  aluminum,  or  alu-  v^ryrare  product  of  nature)  has  bcfs 
mine,  is  most  abundantly  distributed  in  lately  disengaged  by  heating  potassiin 
the  mineral  kingdom  of  nature.     It  it  with  a  salt  called /fuato  of  zirconia  m 
found  nearly  in  a  state  of  purity  in  the  potcuh  carefully  dried.    The  decompo* 
precious  gems,  the  ruby  and  the  sapi-  sition  is  effected  at  a  temoerature  bdov 
phire ;  and  is  a  constituent  of  the  oldest  redness.    The  residue,  atler  washing  in 
rocks  and  the  most  recent  alluvial  dt-  boiling  water,  and  digestion  in  diluted 
position.     The  different  kinds  of  day,  murisSic  acid,  is  pure  zirconium, 
of  which  porcelain,  pipes,  and  bricks        It  is  thus  obtamed  in  the  form  of  i 
are  made,  consist  of  the  hydrate  of  alu«  black  powder.  When  heated  in  the  open 
mine  in  various  degrees  of  purity.    It  air,  it  takes  fire  at  a  temperature  bdov 
may  be  obtained  free  fix)m  the  admix-  redness,  bums  very  brigh^,  and  is  eon* 
ture  of  other  earths,  for  chemical  pur-  verted  into  the  earth.    When  rubbed 
poses,    by  precipitating  a  solution  of  between  two  hard  surfaces,  it  assuma 
alum  in  water,  by  ammonia  or  the  car-  the  form  of  shining  scales  of  a  daik 
bonates  of  the  fixed  alkalies ;  a  white,  grey  colour, 
bulky,  hydrate  of  alumine  is  thus  ob- 
tained, which,  when  carefully  washed.        Oxide  of  Zirconium,  or  Zirconia. 
and  heated  to  whiteness,  aiSbrds  the  (}  346.)  The  oxide  of  zirconium  hu 
pure  anhydrous  earth.  only  been   detected    in  two  or    thrM 
Piu%  alumine  has  neither  taste  nor  rare  minerals  (the  *  zircon  of  Ceylaiii 
smell ;  and  does  not  affect  the  colours  and  the  hyacinth  from  France.)   It  ii 
of  vegetables.  It  is  not  soluble  in  water,  an  earthy  substance,  much  resemUinf 
but  when  moistened  with  that  fluid,  alumine  in  external  character.     It  hsi 
fbrms  with  it  a  cohesive  ductile  mass,  neither  taste  nor  smell,  and  is  quite  m- 
It  has  a  strong  afiSnity  for  moisture,  and  soluble  in  water.    Its  colour  is  whte 
after  ignition  greedily  absorbs  it  from  and  its  specific  gravity  about  4.3.    B 
the  atmosphere,  to  the  amount  of  half  forms  salts  with  the  different  adds,  tad 
its  weight.    It  is  capable  of  combining  is  sparingly  dissolved  by  the  allodiiK 
both  with  the  fixed  alkalies,  and  with  carbonates,  but  not  by  pure  alkalies. 
acids,  but  is  very  sparingly  taken  up  by        (§  347.)  Having  now  completed  the 
the  volatile  alkdi,  and  not  by  the  alka-  list  of  the  metals,  we  shall  subjoin  tfro 
line  carbonates.  tables,  similar  to  those  of  the  non-me- 
lt forms  permanent  combinations  with  tallic  elements,  which  may  assist  in  re 
the  colouring  matter  of  different  organic  calling  their   arrangement,   and  fixiof 
substances,  and  is  much  used  in  the  upon  the  mind  the  e<}uivalent  proportioDi 
processes  of  dyeing  and  calico  printing,  in  which  they  are  disposed  to  coml^. 
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TABLE  III. 
METALLIC  ELEMENTS. 


El«ctri>-N«fativc. 

Eleetro-Potitive. 

No.  of 
vakDis. 

•           • 

Mercury  .     .     . 

200 

« 

Silver    .     .     .     . 

110 

dtfl  reducible  by 

LMit  heaf 

Gold  .... 
Platinum     .     .     . 

200 
96 

< 

« 

Palladium     .     . 

56 

NoVeMetah.) 

• 
• 
• 

Rhodium    .     .     . 
Iridium    .     .     . 
Osmium      •     .     . 

44 

? 
? 

«           • 

Nickel     .     .     . 

30 

•           • 

Lead      .     •     .     • 
Tellurium     .     • 

104 
29 

Copper       .     .     . 

64 

Bismuth        •     . 

71 

Titanium     .     .     . 

0 

• 

Viot  decompose 
ater  at  anytem-( 
srature. 

Cobalt  J.     .     . 
Cerium"     •     ,     , 
Uranium       •     • 
Antimony    .     •     . 

7 

• 

? 
} 

44 

• 

Columbium 
Tungsten     .     •     . 

144 
96 

4                  *  ' 

Chromium    .     . 
Molybdenum    .     . 

28 
48 

< 

•                      • 

Arsenic   .     •     . 
Tin 

38 
59 

ompote  water  at^ 
red  heat      •     , 

•  < 
• 

•  • 

Iron  .... 
Zinc      •     •     .     . 
Cadmium     •     • 

28 
34 
56 

1 

Manganese      .     . 

28 

ompose  water  at 

Potassium     •     • 

40 

imospheric    tem- 

1 

1                               *                      * 

Sodium       •     •     . 

24 

sratures.    Oxides^ 

Lithium  .     •     . 

10 

lustic.      .     .     • 

Calcium      .     •     . 
Barium  .      .     • 

20 
70 

AalmeMeiaU.)  ^ 

Strontium        .     . 

44 

ompose  water  be- 

Maioiesium      •     . 

12 

w  a  red  heat,  but 

Glucinum     .     . 

20 

pdes  insipid .     . 

Yttrium       .     .     . 

34 

1            •        < 

Aluminum    .     . 

10 

artky  MetaU.) 

•                      < 

Zirconium  .     .     . 

? 

CHBIOSntT. 
TABLE  IV.— BiifAR'T  CoMPooMoi  or  UnAixtc  ELsltzim. 


SIvln-Nw^M. 


ElKtr^JliMit. 


1  Mercury  +1  Oijr. 

Ditto  4-i  Ditto 

Ditto  -j-l  Cblo. 

Ditto  +3  Ditto 

Ditto  +1  Sulph. 

Dillo  +2  Ditto 

Silvrr  +1  Oxy. 

Ditto  + 1  Chfo, 

Ditto  +1  Sulph. 

I  Gold  +3  OiT. 

Ditlo  +3  Sulph. 

1  Platinum  +2  Oiy. 

Ditto  +1  Chla. 

1  Palladium  +1  Osy. 

Ditto  +1  Sulph. 

1  Nickel  +  1  Oiy. 

Lead  +1  Ditto 

Ditto  -i-lil>>tto 

Ditto  -t-3  Ditto 

Ditto  -l-l  Cblo. 

Ditto  +1  Sulpb. 

TeUuiium  +1  Oil. 

Copper  +1  Ditto 

Ditto  +2  Ditto 

Ditto  +!  Chlo. 

Ditto  +2  Ditto 

1  Bltmuth  +1  Oiy. 

Ditto  +1  Chlo, 

1  Cobalt  +  I  Oxy, 

Antimonj'  4-1  Ditto 

Ditto  +U  Ditto 

Ditto  +3  Ditto 
ColuDibium  +  l  Ditto 

Tungaten  +2  Ditto 

Ditto  +3  Ditto 

I  Chromium  + 1  Ditto 

Ditto  +2  Ditto 

Ditto  +3  Ditto 

IMolybdeDum+a  Ditto 

Ditto  +3  Ditto 

1  Aratnic  +2  Ditto 

Dillo  +3  Ditto 

I  Tin  +1  Ditto 

Ditto  +2  Ditto 

Ditto  +1  Chlo. 

Ditto  +2  Ditto 

Iron  + 1  Oxy. 

Ditto  +  li  Ditto 

Ditto  + 1  Chlo. 

Ditto  +3  Ditto 

Ditto  +1  Bulph. 

Ditto  +3  Ditto 

1  Zinc  + 1  Oiy. 

"  Cadmium  +1  Ditto 

Mangaueie  +1  Ditto 

Ditto  +li  unto 

Ditto  +2  Ditto 

I  fotaaaluin  +1  Ditto 

Ditto  4-3  Ditto 

Ditto  +1  Chlo, 

Sodium  +1  Oxy. 

Ditto  +3  Ditto 


Oxide  of  Silver    118 

Oxide  of  Gold.  's24 
Oxide  of  pWd.'iis 
OxideofPiJladlu'mM 


Protochl.ofMi 
{Calame 
Bichlo.orMeT 
iComaiee  Sul 
Protoaulph.  of 
Bisuiiihu,  ofM 


Chlo,  of  PiatiT 


Ox.  ofTellarium  37 
Protox.  of  Copper  73 
Peroi.  of  Copper  SO 

OxideorBiimuth79 


Deuloxide  of  I 
Peroxide  of  Ij 
Chloride  of  Le 
Sulphuret  of  L 


Cblo.  of  Biim 


A  nbnioni  om  acidfili 

Columblc  acid  162 


TungEtic  acid   120 


PrototofChtomi.30 


Chromic  acid  fi'i 
Molybdouaacidfrl 
MolybdicKcId  72 
Ataenloua  acid  54 
AraeDlcacid  . 


Oxide  ot  Tungi 
Deutox.  of  Chi 


ProtoLotrm       67 


Oxide  of  Ziue  .   42 

Ox.  of  Cadmium  (A 
Protoi.  of  Manga.36 
Deutox.of  Manea.  40 


Peroxide  of  Til 
Protochlo.  ot*! 
Perchloride  «{ 

Protochlo.  of  1 
Pel  chlo  ride  ot 
Protoaulphu.  ot 
Biaulphuret  of 
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• 

1 

i 

i 

Alkalink, 

1 

• 

1 

Acid. 

^1 

or  Basic. 

"1 

1 

NCDTRAI.. 

o  > 

1 

SUetrO'Negaihe, 

'1 

Bleetro-PoHHve, 

1 

Sodiam     .     +1  Chlo. 

•        •        • 

•           •          • 

Chloride  of  Sodium 

CO 

i  Common  Salt) 

I  Lithium.     +1  Oxy. 

Lithia 

18 

*                                            s 

1  Calcium.     +1  Ditto 

Lime 

28 

Ditto            +2  Ditto 

*                   •                   • 

Pcrox.  of  Calcium    36 

Ditto            +1  Chlo. 

a                     •                     • 

Chloride  of  Calcium  56 

1  Barium  .     +1  Oxy. 

Baryta      . 

78 

Ditto            +2  Ditto 

•                     •                     • 

Perox.  of  Barium      86 

Ditto            +1  Chlo. 

•                     •                     • 

Chloride  of  Barium  106 

I  Strontium   +1  Oxy. 

Strontia   . 

52 

1  Magnesium  +  I  Ditto 

Magnesia . 

20 

1  Gludnum    +1  Ditto 

Glucina    . 

28 

I  Yttrium.     +1  Ditto 

Yttria       . 

42 

1  Aluminum  -j-l  Ditto 

Alumine  . 

18 

Ditto            +1  Chlo. 

•                   •                   • 

Chlo.  of  Aluminum  46 

I  Zirconium  4-1  Oxy. 

Zirconia  .         • 

f 

In  Table  III.  it  may  be  observed  that 
all  the  metals  are  arranged  on  the  elec- 
tro-positive side;  as  in  their  decompo- 
sition by  electric  repulsion,  their  com- 
pounds are  invariably  reduced  at  the 
negative  pole  of  the  voltaic  battery. 

In  Table  IV.  we  may  remark  that  the 
great  majority  of  achve  combinations 
<or  those  compounds  which  are  disposed 
to  enter  into  further  combination,  and 
'which  are,  almost  without  exception, 
those  of  oxygen)  also  stand  in  the  electro- 
positive column ;  whereas  in  Table  II. 
of  the  binary  combinations  of  the  non- 
metallic  elements  all  but  one  are  ar- 
ranged on  Uie  electro-negative  side.  In 
the  former  we  have  a  list  of  9  acids  and 
33  MoMable  bates,  and  in  the  latter  of 
22  acids  and  1  base. 

Amongst  the  combinations  of  oxygen 
with  the  metals  it  is  worthy  of  observa- 
tion, that  there  are  many  instances  in 
iwhich  one  proportion  of  oxygen  consti- 
tutes a  base,  while  a  second  with  the 
name  substance  forms  an  acid.  Some- 
times one  dose  of  this  highly  electro- 
negative element  is  not  sufficient  to  neu- 
tralize the  electro-positive  energy  of  the 
metal,  but  leaves  it  as  a  base  in  the 
electro-positive  class,  while  a  second 
completely  saturates  it,  and  takes  away 
all  further  power  of  combination:  at 
other  times,  as  with  chromium,  one  pro- 
portion leaves  a  decided  positive  enetw, 
a  second  completely  neutralizes,  and  a 
third  communicates  a  negative  power. 

We  must  here,  however,  recal  to  mind 
that  this  division  of  bodies  into  electro- 
negative and  electro-positive,  is  not  ab- 
solute but  rdative  (^  33.),  and  there- 
fore some  of  the  leM  ekctro-poiitive  of 


the  electroppositive  class  are  capable  of 
forming  combinations  with  others  of  the 
bases :  in  this  manner,  ammonia  will 
unite  with  several  of  the  metallic  oxides, 
and,  more  rarely,  the  fixed  alkalies. 

The  column  of  the  neutral  compounds 
is  necessarily  very  incomplete,  as  we  have 
only  described  enough  of  that  class  to 
exemplify  the  subject:  our  purpose  rather 
requiring  that  we  should  set  before 
the  student  those  substances  which 
again  enter  into  combination,  than  those 
in  which  chemical  affinity  is  neutralized. 
Thebinary  compounds  of  iodine,  bromine, 
sulphur,  &c.  with  all  the  metals,  and 
their  multiple  proportions,  would  form 
an  almost  interminable  list,  many  of 
which  have  never  been  examined  or 
described,  which  it  would  not  be  con- 
sistent with  our  limits  further  to  pursue. 

Chapter  XI. 

On  Fluorine  and  its  Compounds, 
(6  348.)  We  have  stated  (}  98.)  that "  the 
class  of  electro-negative  elements  con- 
tains only  four  known  and  one  hypo- 
thetical (conjectural)  body,  the  existence 
of  which  requires  to  be  established  by 
further  proof."  The  properties  of  the 
former,  viz.  oxygen,  chlonne,  bromine, 
and  iodine,  we  have  already  described. 
We  shall  now  adduce  the  evidence  upon 
which  fluorine  is  added  to  the  list  and 
describe  the  compounds  into  which  it  is 
believed  to  enter. 

Hydro-Fluoric  Acid, — 19  ? 

(1  F.  18  +  1  H.l.)? 

(^  349.)  Thbrb  is    a   substance    well 
known  in  immn%  ^\x\cX&«  ^-^^  jUot 
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gpar*.    It  is  found  crystallized  in  cubes     at  the  negative  pole  Vhfle  the  ^ire  of 

of  various  colours,  green,  yellow,  and     the  opposite  end  became  corroded,  and 

purple ;  and  a  compact  variety  of  the     covered  with  a  chocolate-coloiured  pow- 

aame  substance,  the  product  of  Derby-     der,  which  has  been  supposed  to  be  t 

shire,  is  worked    into  splendid   oma-    compound  of  fluorine  ana  platinum.   It 

mental  vases.      If  this  mineral  be  re-    is  argued  that  in  this  experiment  the 

dued  to  powder,  mixed  with  twice  its     acid  was  decomposed ;  that  the  inflam- 

weight  of  strong  hydro- sulphuric  acid,     mable  gas  at  the  negative  pole  of  the 

and  subjected  to  distillation,  a  powerful    battery  was  hydrogen,  and  that  the  un- 

and  highly  corrosive  liquid  acid  may  be    known  element,  upon  its  disen^gement 

obtained.     For  this  pur])Ose  a  leaden  or    at  the  positive  pole,  immediately  oom- 

silver  retort  and  receiver  must  be  em-    bined  with  the  platinum.     The  result, 

ployed ;  and  while  a  moderate  heat  is    however,  cannot  be  considered  as  dcd- 

applied  to  the  former,  the  latter  must  be    sive,  in  as  much  as  fluorine  was  nolob- 

kept  cool  by  pounded  ice  or  snow.   The    tained  in  an  insulated  form ;  and  finon 

hydro- fluoric   acid   thus  formed    must    the  noxious  vapours  which  arose  duny 

be  preserved  in  silver  or  leaden  bottles,    the  process,  it  was  impossible  to  en- 

with  stoppers  of  the  same  materials.    It    mine  the  products  with  that  attentki 

is  extremely  volatile,  and  not  easily  con-    which  the  interest  of  the  subject  re<|uiniL 

fined.    In  appearance  it  resembles  oil    The  highly  active  properties  of  this  cb- 

of  vitriol.      Its  specific  gravity,  when    ment  throw  peculiar  difficulties  in  tti 

first  prepared,  is  1.06,  but  is  increased    wav  of  its  examination,  as   it  atttcb 

by  the  gradual  addition  of  water  to  1 .25 ;    witn  great  violence,  as  far  as  is  at  prooC 

and  there  is  no  known  instance  of  a  si-    known,  all  substances  with  which  weiii 

milar  condensation.    It  is  necessary  to    acquainted,  and  thus  deprives  us  of  ti* 

use  great  caution  in  experimenting  with    means  of  insulating  and  preserving  i 

this  substance,  as  its  vapours  are  highly    A  strong  argument  in  favour  of  thed^ 

irritating,  and,  when  applied  to  the  skin,    mentary  nature  of  fluorine  is  demi 

it  disorganises  it  so  rapidly  as  to  occa-    from  the  fact  that  fluor  spar  is  notd^ 

sion  dangerous  ulcers.    In  addition  to    composed  by  the  anhydrous  sulpfaoB 

the  usual  properties  of  a  powerful  acid  it    acid.    (}  118.)    There  bein^  novtiff 

acts  stron&:ly  on  glass,  and  corrodes  it    to  furnish  oxygen  to  the  calcium,  or  hf- 

deeply.    Plates  of  glass,  covered  with  a    drogen  to  the  fluorine,  the  hydro-fltnc 

composition  of  bees-wax  and  turpentine,    acid  cannot  be  produced. 

may  be  drawn  upon  with  a  graver,  and        If  the  supposition  that  fluoric  sddil 

those  parts  which  are  laid  bare  may  be    a  compound  of  fluorine  and  hydroga 

perfectly  etched  by  exposure  either  to  the    be  correct,  the  analysis  of  its  eompovaik 

vapour  or  the  diluted  acid.  proves  that  the  two  elemeats  are  CO* 

When  brought  into  contact  with  potas-    bined  in  the  proportion  of 
Slum,  a  violent  detonation  takes  place ;  1  equivalent  fluorine        •     18 

hydrogen  gas  escapes,  and  a  solid,  white  1       ditto      hydrogen      -       1 

saline  subst  ance  is  formed,  which  may  be  .. 

called  the  fluoride  of  potassium,  from    and  that  its  number  must  be        19 
analogy  to  the  chlorides,  -. 

If  iime  be  thrown  into  it,  violent  heat  _,      ....     -  . .  ^ 

is  extricated,  water  is  given  oft',  and  the  Muostlictc  Add.  f 

same  substance  as  fluor  spar  or/uonV/tf  C$  350.)  We  have  stated  above,  tW 
o/ca/cfMm  is  produced.  Attempts  have  fluoric  acid  acts  upon  glass  in  avOT 
been  made  to  effect  the  decomposition  of  energetic  manner  ;  during  this  aetkmK 
the  fluoric  acid,  both  upon  the  suppo-  combines  with  the  silex,  of  which  it  ii 
sition  that  it  may  be  a  compound  of  an  composed,  and  assumes  the  gaseov 
electro- positive  body,  such  as  sulphur,  form.  This  gas  may  easily  be  producri 
with  oxygen ;  or  that  it  is  constituted  of  by  pouring  upon  powdered  fluor  spff. 
a  highly  electro- negative  element,  like  mixed  with  half  its  weight  of  fine  saD* 
chlorine,  in  union  with  hydrogen.  The  or  glass,  an  eqiial  weight  of  strong  sil- 
latter  view  is,  of  the  two,  the  best  sup-  phuric  acid.  It  may  be  collected  oitf 
ported  by  experiment  and  analogy.  mercury,  in  glass  jars,  upon  which  i 

When  exposed  to  the  agency  of  the  will  no  longer  exercise  any  action.  !•• 
voltaic  pile,  a  disengagement  of  a  small  cubic  inches  of  it  weigh  110.78  gr«Bi'. 
quantity  of  inflammable  gas  took  place    it  is  colourless,  and  it  affoids^  upood^ 

~  So  called  from  its  asKi.tine  the  fiuiioB  of  e^    composition,  61  percent  of  silex.   to 
minenhiu  metaU^irgiQ  opentions.  oaour  IS  penetrating,  and  its  taste  Y0I 
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sour.    Tt  extinguishes  burning  bodies,  most  promisine:  fields  of  investigalionfo 

and  produces  white  fumes  when  suffered  the  accomplished  chemist,  it  will  not 

to  escape  into  the  air.  advance  our  design  to  enlarge  upon  it 

Water  absorbs  about  263  times  its  on  the  present  occasion, 
volume  of  fluosilicic  gas,  and  the  solu- 
tion may  be  kept  in  glass  vessels.  About  Chapter  XII. 

dL^rthe-±!?tS!''Th^/^^"^S  ^'^^  Compounds  of  cyanogen. 

denses  twice  its  volume  of  ammonia,  and  (§  352.)  We  have  observed  ($  1 73.)  that 

forms  with  it  a  dry  saline  compound,  the  carburet  of  nitrogen,  to  wliich  the 

It  also   combines    with    other   bases,  name  of  cycowgeti  has  likewise  l)een 

When  pure  potassium  is  burned  in  fluo-  given,  possesses  the  remarkable  property 

silicic  gas,  it  condenses  it,  and  a  brown  of  combining  with  elementary  substances, 

sul>stanceis  produced,  which,  after  being  in  a  manner  perfectly  analogous  to  that 

boiled  in  water   and  dried,  bums   in  of  the  simple  gaseous  bodies :  the  mode 

oxygen  ^as.    From  the  residue  of  the  of  this  combination  and  some  of  its  most 

combustion,  pure  silicon  may  t>e  ob-  interesting  results  we  shall  proceed  to 

tained,  by  dissolving  out  some  silex  with  examine. 

which  it  is  mixed  by  fluoric  acid,  and  When  potassium  is  heated  in  cyanogen 
washing  and  dryine  tne  remainder  upon  an  energetic  action  ensues,  the  metal 
a  filter.    This  is  tne  process  to  which  bums,  and  a  saline  body,  the  cyanuret  of 
we  referred  when  treating  of  that  ele-  potassium,  is  generated.    It  also  forms 
xnent    ((  176.)  similar  binary  combinations  with    the 
i7i,,^t^^^  A ^2 A  •  other  metals,  the  greater  part  of  which, 
Fluohorxc  Actd,  f  however,  can  only  be  obtained  by  the 
($  351.)    If,  instead  of  silex,  fluor  spar  interchanges  of  a  double  decomposition. 
be  mixed  with  half  its  weight  of  vi-  They  are  also  perfectly  neutral  in  their 
trifled  boracic  acid  ($  184.),   and    12  characters.  (^  2G.) 
parts  of  strong  sulphuric  acid,  and  the  Those   compounds,  however,    which 
mixture  be  gently  heated  in  a  glass  re-  cyanogen  forms  with  the  non-metallic 
tort ;  or  if  fluor  spar,  with  l)oracic  acid,  elements  are  of  higher  importance  and 
be  exposed  to  a  strong  heat  in  an  iron  interest,  inasmuch  as  they  are  of  an  acki 
tube,  a  gas  may  be  collected  in  abun-  or  electro-negalive  quality,  and  are  ca- 
dance  over  mercury  which  exhibits  very  pable  of  entering  into  combination  with 
peculiar  properties.   It  is  colourless,  but  different  salifiable  bases. 
possesses  a  very  pungent  odour,  and  in- 
stantly extingiushes  flame.     When  it  Cyanogen  and  Hydrogen. 
escapes  into  the  air  it  occasions  a  dense  Hydrocyanic  or  Prusfnc  Acid.  27. 
white  cloud,    by  combining  with   the  /i  n  or  _i_  i  tt  i  \ 
aqueous  vapour  with  which  it  is  mixed.  (1  t^.  26  -J-  1  11.  l.) 
100  cubic  inches  weigh  72  grains.    It  is  ({  353.)  If  a  narrow  tube  be  filled  with 
rapidly  absorbed  by  water,  whksh  takes  fragments  of  the  saline  body  called  cya- 
up  about  700  times  its  bulk;  heat  is  nuret  of  mercury  (}  172.),  and  placed  in 
given  out,  and  the  water  increases  in  a  horizontal  position,  when  a  stream  of 
volume.    The  saturated  solution  is  per-  sulphuretted  hydrogen    gas   is   passed 


upon  organized  substances,  blackening  cury  is  formed,  and  the  cyanogen  which 

and  disintegrating  them.    It  has  no  ac-  is  bberated  enters  into  a  new  combinar 

tion  upon  glass.    Potassium  heated  in  tion  with  the  hydrogen.     The  product 

flluoboric  acid  gas  separates  boron  from  may  be  expelled  by  a  very  gentle  heat, 

it  (4  181.)  in  the  form  of  an  insoluble  and  collected  in  a  receiver  kept  cool  by 

powder.     It  forms  combinations  with  ice.    A  similar  nroduct  may  be  obtained 

sixnmonia  and  other  bases.  by  moistening  the  cyanuret  of  mercury 

It  is  probable  that  both  the  fluosilicic  with  muriatic  acid,  and  distilling  at  a  low 

and  the  fluoboric  acids  are  binary  com-  temperature.    The  hydrocyanic  acid  is 

rounds  of  fluorine ;  the  former  with  sili-  a  colourless  liquid,  possessing  a  strong 

con,  the  latter  with  boron ;  but  the  sub-  odour  resei4)ling  that  of  peach-blos- 

ject  is  as  replete  with  diflfoulty  as  it  is  soms.    In  its  pure  state  it  is  intensely 

with  interest ;  and  although,  in  the  pre-  poisonous,  and  a  single  drop  of  it  placwL 

tent  stite  of  Mieiiee,  it  affords  one  of  the  upon  the  lOTigQftol%i^Q^^^'&«i^^5».^^ 
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instant  death.  When  ^freatly  diluted  alcohol.  On  coolinji^'the  solution,  a 
with  water  it  has  the  taste  of  bitter  talt  will  be  obtained  in  small  crystalline 
almonds,  which,  in  fact,  owe  their  fla  plates.  When  a  solution  of  this  salt  in 
your  to  a  small  portion  of  this  acid,  water  is  merely  heated,  its  acid  is  de- 
Water  distilled  from  the  leaves  of  the  composed,  and  carbonic  acid  and  am- 
laurel  also  derives  its  poisonous  quality  monia  are  produced,  and  with  greater 
from  the  presence  of  the  same  ingredient,  certainty  if  a  weak  acid  be  added  to  the 
The  vapour  of  the  pure  acid  takes  fire  solution  to  assist  in  disensraging  it  from 
on  the  approach  of  flame,  and  when  the  potash.  ITie  result  of  an  analyss 
mixed  with  oxyi^en  c^as  detonates  with  founded  on  this  property  is,  that  it  is 
the  electric  spark.  It  is  extremely  vola-  composed  of 
tile,  and  boils  at  79°  Fah. ;  and  at  0°  it  1  equivalent  cyanogen     -    26 

congeals.    When  a  drop  of  it  is  suffered  1      ditto      oxygen         -      8 

to  fall  upon  a  piece  of  glass  it  becomes  -« 

solid ;  the  cold  produced  by  its  rapid  eva-  34 

porationl>eing  sufficient  to  freezewhat  re-  ^  — 

mains.  Hydrocyanic  acid  reddens  litmus  According  to  this  anal^is,  the  most  tf 
paper  feebly,  and  forms  salts  with  the  dif-  propriate  name  for  tms  acid  woakl  m 
ferent  salifiable  bases.  Owing  to  the  ten-  cyanoui  acicL  It  may  be  transfeml 
dency  of  its  component  elements  to  form  from  the  potash  by  double  deoompt- 
other  arrangements,  it  is  very  liable  to  sition  to  other  bases,  but,  owing  to  Hi 
spontaneous  decomposition,  and  it  is  not  easy  disunion  of  its  elements,  it  has  unv 
easy  to  preserve  it  from  change  even  out  been  obtained  in  an  insulated  state, 
of  the  contact  of  the  air  in  well-stopped  ($  355.)  The  elements  of  the  sameadi 
bottles.  The  diluted  acid  is  sometimes  united  (probably)  in  the  same  pnm- 
used  in  medicine.  If  a  quantity  of  po-  tions,  but  further  necessarily  rnmnSii 
tassium  sufficient  to  al)sorb  50  measures  with  some  metallic  oxide,  (a.s  that  rf 
of  cyanogen  be  heated  in  100  measures  silver  or  mcrciuy,  and  the  naton  rf 
of  the  vapour  of  hydrocyanic  acid,  which  appears  to  be  in  some  degree  iit 
an  absorption  of  50  measures  takes  different,)  constitute  anottier  acid  or  dM 
place,  cyanuret  of  potassium  is  gene-  of  acids,  to  which  the  name  offiUmim 
rated,  and  50  measures  of  pure  hydro-  has  been  given.  This  acid,  like  the  pn' 
gen  remain ;  proving  that  it  is  composed  ceding,  has  never  l)een  olHained  lo  t 
of  equal  volumes  of  its  two  ingrecuents.    separate  state  ;  but  unitedt  besides  tis 

Its  composition  is  therefore  metallic  oxide  which  constitutes  one  cf 

1  equivalent  cyanogen  26  =  /  ?  ^^  ^^"  •  ^^    its  ingredients,  with  a  further  proportioi 

^  .  ^      ^  \1  nitrogen  14    of  the  same  oxide,  or  some  other,  ai  a 

1  equivalent  hydrogen   1  base.     It  may  also  be  transfemd  ti 

and  its  combining        — ;  different  bases'by  double  deoompositiot 

proportion     -    -    27  All  the  fulminates  detonate  yiolen^ly 

—  heat  or  percussion,  and  some  of  tM 

The  specific  gravity  of  the  vapour    with  the  slightest  friction.     Their  pro- 
agrees  with  this  determination,  having    perties  will  be  further  described  amonfll 
been  found  to  be  the  mean  of  its  two    the  saline  compounds, 
ingredients.  (}356.)  Another  acid  of  this  dasshu 

latelj^  been  discovered,  in  which  cyano- 

Cyanooen  axd  Oxygen-.  gen  is  combined  with  a  second  equiU' 

Cyanous.FulminiCy  and  Cyanic  Acids  f    lento^.  oxygen,  and  upon  which  the 

gf")  M-„  uncertainty  ,, ill  exists  l^St^^.S' tl^^'U'^^ 

11  '^.l  ''*°*''°*'°T?,""'''°^''>^"°-  by  the  action  of  hot  wat^  upon  the 

?hLT.  ^  ^'''If  "••""'*  ."'*?  *>•«  J^ther  perchloride  of  cyanogen,  (a  silMaM 

objects  of  further  investigation  than  of  ^esenfly  to   be  d^bed*  •    mS 

fnS7nM  ™'!'°Vk  ^  <^»"'P?'?nd  of    acid  an/cyanic  acid  re8uTf^,^JS 
tfi™i  UK  "?'  «<"?PO"tion  of    decomposition;  the  former  ofwhichm! 

«np„.»y^ny  I  *t**'*'"r*'',°'.''y*"*^  ^  «Pe"«l  by  heat,  and  the  lattwT 

genenter.andpotash.maybeobtainedby  tainedin  a  separate  form.    It  mwew 

fliefollowinR  means :  expose  to  a  low  red  be  piwured,  it  is  said,  in  the  fo^iTrf 

heat  equal  weights  of  a  salt  called  the  crystals    by  careful   eVaporSiol      B 

anhydrous  /.rrocyowate  of  potash  and  fohns  a  distinct  dass  of  SaKith  tte 

S±  ™-""'"^'?'^=,  "^^"^"^  ^^    different  salifiable  bases. aS^ite^SS 
resulting  mast  and  boil  it  with  puns    hushownittobe  com^5^^ 
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1  equivalent  of  cyanogen    26  chloride  of  cyanogen.    When  dry  and 

2  ditto         oxygen        16  pure  it  is  brilliantly  white,  and  may  be 

—  obtained  in  needles.    Its  vapour  airects 
aking  its  number    •        •        42           the  eyes,  and,  after  keeping,  exhales  an 

—  odour  of  muriatic  acid.  It  fuses  at  140® 
^  ^  Fah.,  and  boils  at  190°.  It  is  extremely 
Cyanogen  and  Chlorine.  poisonous ;  and  is  sparingly  soluble  in 

CfUorocyanic  Acid. — 62.  cold  water,  and  decompos^  by  hot,  as 

(I  Ch.  36  +  1  Cy.  26.)  we  have  ah^ady  explained.  (}  356.). 

„  .,  ,  \   ^^,  .,  ,»^x        Its  composition  has  been  ascertained 

357.)  If  cyanuret  of  Mercury  (J  1 72.)  \q^ 

I  mixed  with  just  sufficient  water  to  i  equivalent  cyanogen    -    26 

duce  it  to  a  semi-fluid  state,  and  ex-  2       ditto      chlorine      -     72 

)sed  to  the  action  of  easeous  chlorine^  

I  the  course  of  a  few  hours  the  colour  9q 

'  the  chlorine  will  disappear,  and  a  gas  _ 

ill  be  found  in  its  place  which  is  not  ^  w  r% 

jsorbable  by  mercury,  but  instantly  Cyanogen  with  Iodine  and  Bro- 

iken  up  by  water.     This  is  a  true  mink. 

fonuret  of  chlorine  or  the  chlorocyanic  (}  359.)   Cyanogen  forms  binary  com- 

Hd,    One  portion  of  the  chlorine,  in  pounds  with  iodine  and  bromine,  analo- 

ib  process,  expels  the  cyanogen  from  gous  to  the  chlorocyanic  acid,  and  whose 

le  mercury,  and  forms  bichloride  of  properties  resemble  each  other  closely ; 

tercury,  while  another  portion  combines  it  does  not,  however,  consist  with  our 

ith  the  cyanogen,  ana  forms  the  new  purpose  to  enter  upon  their  particular 

impound.  It  possesses  the  remarkable  examination. 

roTCrty  of  crystallizing  by  a  temperar  ^  « 

ire  of  0^  Fah.  (which  may  at  any  time  Cyanogen  and  Sulphur. 

e  produced  by  mixing  together  pounded  Sulphocyanic  Acid, 

«  and  common  salt,)  and  may  thus  be  (^360.)     A  compound  of  cyanogen 

iparaled  from  portions  of  other  gases  with  sulphur  may  be  obtained  by  the 

ith  which  it  would  otherwise  be  fiable  foUowing  means : — Mix  together  equal 

>  be  contaminated.    It  becomes  liquid  weights  of  ferrocyanate  of  potash,  (a 

t)out  8^  or  10<»  Fah.,  and  at  68^  its  salt  which  is  more  commonly  known  by 

ressure  is  equal  to  four  atmospheres.  the  name  of  prtunate  of  potash,)  and 

It  constitutes  an  active  poison,  and  is  flowers  of  sulphur.    Melt  the  mixture 

ery  caustic.     It  possesses  a]  peculiar  in  a  flask,  by  a  gentle  heat,  and  keep  it 

ritating  odour ;  reddens  blue  vegetable  melted  for  several  hours.     When  cold, 

olours,  and  does  not  explode  when  its  reduce  the  mass  to  powder,  and  dissolve 

apour  is  mixed  either  with  oxygen  or  out  everything  soluble  hy  digestion  with 

ydrogen.  water.     Filter  the  solution,  and  drop 

The  constitution  of  chlorocyanic  acid  into  it  a  solution  of  potash,  as  long  as 

\  probably  any  precipitate  occurs.    The  liquid  thus 

1  equivalent  chlorine     -     36  obtain^  is  then  to  be  distilled  with  sul- 

1       ditto     cyanogen   -     26  phuric  acid.    An  acid  li(}uor  will  collect 

—  m  the  receiver,  which  is  the  sulpho- 
62  cyanic  acid.   It  is  transparent  and  nearly 

—  colourless,  possessing  only  a  slightly 

Perchloride  of  Cyanogen.-^9S.         P^"H.l'''^-i,  ♦  7°"^^  "L£!\Tf!!nntJ'^nT 
^     ^      o  sembles  that  of  acetic  acid  (strong  vme- 

(  2  Ch.  72  4-  1  Cy.  26.)  g^y).    it  may  be  obtained  in  ciYstals, 

&  358.)  By  pouring  about  15.5  grains  at  a  temperature  of  about  55°  Fan., and 

f  pure  hydrocyanic  acid  (}  353.)  into  boils  at  217°.     When  thrown  into  a 

bottie  containing  about  61  cubic  inches  red-hot  platinum  crucible,  sulphur  is 

f  dry  chlorine,  closing  the  bottle  with  disengaged,  which  bums  with  a  blue 

.  stopper,  and  exposing  it  to  the  direct  flame.     If  brought  into  contact  with 

ays  of  the  sun,  the  hydrocyanic  acid  is  ignited  iron-turnings,  sulphuret  of  iron 

oiatilized,  and  after  a  few  hours  a  co-  is   formed,  and  hydrocyanic   acid  and 

ourless  liquki  may  be  seen  on  the  inner  sulphuretted  hydrogen  are  disengaged, 

iurface,  which  gradually  thickens,  and  It  is  probable,  trora  its  most  careful  ana- 

inally  sets  into  a  white  substance,  mixed  lysis,  that  it  is  a  triple  com\iovu\d.  ^1 

vith  shining  crystals.    This  is  the  jw*  cyanogen  su\pVw«  wA  Yk^o\5^«ci»  Qx 
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1  equivalent  of  cyanosren 

2  ditto         sulphur 

1         ditto        hydrogen 

and  that  its  number  is 
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•  26 

-  32 
.  I 

-  59 


The  necessary  existence,  however,  of  the 
hydrogen  in  this  substance  is  at  present 
disputed. 

It  reddens  '^litmus  paper,  and  is  capa- 
ble of  uniting  with  the  different  salifiable 
bases. 

Cyanogen'  and  Iron. 

Ferrocyanic  Acid, 

(6  361.)  By  adding  the  pigment  called 
Prussian  blue  to  a  solution  of  barytes 
in  water,  till  it  ceases  to  be  discoloured, 
and  carefully  evaporating  the  solution, 
crystals  of  a  saline  body  may  be  obtain- 
ed, which  is  called  the  ferrocyanate  of 
barytes.  If  to  a  solution  of  this  salt  in 
water,  sulphuric  acid  be  carefully  added 
till  it  ceases  to  form  any  precipitate,  the 
liquid  carefully  decanted  will  consist  of 
ferrocyanic  acid,  in  which  cyanogen  is 
united  with  iron,  and  most  probably  with 
hydrogen,  into  an  electro-negative  com- 
pound. It  has  a  pale  yellow  tint,  pos- 
sesses no  smell,  and  permanently  red- 
dens litmus  paper.  It  is  decomposed  by 
a  gentle  heat,  or  by  exposure  to  a  strong 
lignt,  with  the  evolution  of  hydrocyanic 
acid ;  it  cannot  therefore  be  concentrated 
by  evaporation  or  distillation  in  the  com- 
mon way.  The  same  acid  may  however 
be  obtained  in  crystals  by  the  following 
process  : — Dissolve  crystals  of  tarta- 
ric acid  in  alcohol,  and  make  a  solu- 
tion of  ferrocyanate  of  potash  in  as  little 
warm  water  as  possible,  in  the  propor- 
tion of  50  grains  of  the  salt  to  58  of  the 
acid — mix  the  two  liquids.  An  inso- 
luble precipitate  will  be  formed,  and 
ferrocyanic  acid  will  remain  in  so- 
lution in  such  a  concentrated  state,  as 
to  furnish  yellow  cubic  crystals  by  spon- 
taneous evaporation. 

That  the  iron  in  this  singular  com- 
pound  is  a  constituent  element  of  the 
acid,  and  docs  not  act  the  part  of  a 
base,  is  proved  by  the  decomposition  of 
one  of  its  salts,  the  ferrocyanate  of 
soda,  by  the  electric  pile.  In  this  case, 
the  iron  passes  with  the  other  elements 
of  the  acid  to  the  positive  pole,  whereas, 
if  it  existed  as  a  base,  it  would  be  de- 
termined to  the  negative  pole  with  the 


soda.     In  canfirmatkni  of  this  fact  it 

may  also  be  stated,  that  in  the  saline 
boaies  formed  by  this  acid  with  the  dif- 
ferent salifiable  bases,  the  most  delicate 
tests  fail  to  detect  the  presence  of  the 
metal,  as  it  can  no  more  be  affected  bj 
them  than  the  sulphur  can  be  indicated 
by  its  proper  tests  when  existing  in  the 
different  sulphates. 

From  the  best  analysis  it  is  probable 
that  the  ferrocyanic  acid  is  composed 
as  follows : — 


2  equivalents]  hy- 
drocyanic acid  54  = 


1  equivalent  cya- 
nuret  of  iron    54=' 


2  equivalents 
cyanogen   53 
equivalents 
hydrogen     i 
equivatent 
cyanogen   IC 
equivalent 
iron      •    •  21 


1 


I 


I« 
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The  subject,  however,  is  still 
controversy,  into  which  we  do  not 
it  expedient  to  enter  at  present. 

Chapter  XIII. 

On  the  Hydroacids  and  their  Cm- 
pounds  :  with  General  Remarla  m 
Salts, 

($  362.)  It  now  remains  for  us^inpv- 
suance  of  our  plan,  to  examine  the  n* 
suits  of  chemical  affinity  between  tbt 
compound  electro-negative  and  electnh 
positive  bodies  which  we  have  found  to 
result  from  the  combination  of  the  nott- 
metallic  and  metallic  elements  in  vm 
simple  numbers  and  proportions;  in 
to  describe  the  more  interesting  of  tbi^ 
numberless  class  of  bodies  formed  bjik 
union  of  acids  and  bases  to  which  the 
name  of  salts  has  been  eiven  (}  186). 
But  before  we  proceed  with  this  branch 
of  our  subject,  we  deem  it  expedient  to 
make  a  few  remarks  upon  a  commoi 
property  of  one  class  of  the  foregdi^ 
acid  compounds  which  may  be  dntiS' 
guished  from  the  general  group— ve 
allude  to  those,  into  the  constitution^ 
which  hydrogen  enters  as  the  acidi^ 
principle,  and  which  may  be  designm 
as  a  class,  by  the  name  of  Hydroaeidi*- 
The  following  table  will  recal  bothlhetf 
names  and  composition. 


*  See  the  note  pn^  5 
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HTDROACIDS. 


Equivalent 

Muriatic,  or  hydrochloric  acid  37 

Hydrobromic  acid 76 

Hydriodic  acid        125 

Hydrofluoric  acid 19 

Sulphuretted  hydro^n     ...  17 

Bisulphuretted  hydrogen        .    .  33 

Hydrocyanic  acid        ....  27 

Sulphocyanic  acid 59 

Ferrocyanic  acid 1 08 


£qaival«nt.  EqalTaI«nt. 

1  Chlorine  +1  Hydrogen. 
1  Bromine  + 1  Hydrogen. 
1  Iodine  + 1  Hydrogen. 
1  Fluorine  +1  Hydrogen. 

1  Sulphur    +1  Hydrogen. 

2  Sulphur  +1  Hydrogen. 
1  Cyanogen +1  Hydrogen. 

1  Cyanogen +2  Sulphur+ 1  Hydrogen? 

3  Cyanogen -j-l  Iron +2  Hydrogen? 


It  will  be  observed,  that  the  radides  tains  neither  oxygen  nor  hydrogen,  and 
of  these  acids  (a  term  equivalent  to  that  it  is  a  chloride  of  sodium.  The 
Base,  but  which  is  only  applied  to  the  converse  of  this  proposition  is  also  true, 
acids :  chlorine  being  the  simple  radicle  that  any  chloride  dissolved  in  water  may 
of  the  muriatic  acid,  and  cyanogen  and  be  regarded  as  the  solution  of  the  cor- 
iron  the  compound  radicle  of  the  ferro-  responding  muriate,  and,  in  some  in- 
cyanic  acid)  are  united  with  one  equiva-  stances,  we  have  demonstrative  evi- 
lent  of  hydrogen,  except  in  the  last  in-  dence  that  muriatic  acid  and  an  oxide 
stance,  which  probably  contains  two  are  formed  by  the  action  of  water  upon 
equivalents.  Now  we  have  seen  that  a  chloride.  Thus,  when  chloride  of 
three  of  these  bodies,  muriatic  acid,  antimony  ($  262.)  is  thrown  into  water, 
hydriodic  acid,  and  sulphuretted  hydro-  muriatic  acid  is  produced,  and  a  hy- 
g[en  unite  with  ammonia,  and  form  dis-  drated  protoxide  of  mercury  precipi- 
tinct  salts  (}$  189.  190.  193.)  and  all  tated;  as  muriatic  and  sulphurous  acids 
the  others  are  capable  of  the  same  are  generated  by  acting  upon  the  chlo- 
union,  and  form  analogous  saline  com-  ride  of  sulphur  by  the  same  fluid  (J  126.). 
pounds  with  the  volatile  alkali;  but,  Nothing,  on  the  other  hand,  prevents 
when  brought  to  act  u\H)n  any  of  the  our  conceiving  the  proper  solution  of  a 
bases  which  contain  oxygen,  a  different  chloride,  or  of  an  iodide,  in  waffer,  or 
series  of  phenomena  takes  place :  they  obliges  us  to  consider  its  nature  altered 
generally  combine  in  exactly  such  pro-  by  such  solution.  There  is,  it  is  true, 
portions,  as  that  the  hydrogen  which  they  something  per|)lpxing  in  the  endeavour 
contain  may  be  sufficient  to  form  water  to  follow  this  subject  to  its  furthest  con- 
vrith  the  oxygen  of  the  oxide.  Thus,  sequences,  but,  after  all,  the  difficulty 
one  equivalent  of  the  protoxide  of  mer-  is  theoretical  only,  and  it  is  perfectly 
cury  will  be  taken  up  uy  one  equivalent  indifferent  whether  we  consider  such 
of  muriatic  acid;  but  one  equivalent  compounds  as  chlorides  or  muriates, 
of  the  peroxide  reauires  two  equivalents  bromides  or  hydrobromates,  cyanurets 
of  the  same  acid  for  its  solution.  Ex-  or  hydrocyanates,  &c  of  the  metals 
periment  proves  that,  in  such  cases,  and  tneir  respective  oxides  ;  it  being 
tvater  actually  is  produced,  and  the  understood  that  the^e  are  only  different 
metal  forms  a  binary  combination  with  ways  of  expressing  the  same  i)henomena. 
the  radicle.  Thus,  when  we  oblige  dry  The  least  ambiguous  examples  of  muri- 
muriatic  acid  to  act  upon  potash  or  ba-  ates  of  oxidated  bases  would  seem  to  be 
rytes,  water  is  produced,  and  the  result-  those  in  which  the  compound,  in  cnrs- 
ing  compound  is  precisely  the  same  as  tallizing  from  its  solution,  carries  with  it 
vhen  we  directly  combine  potassium  or  a  definite  proportion  of  water,  as  water 
barium  with  chlorine.  Again,  we  have  of  crystallization :  thus,  muriatic  acid 
seen  that,  by  burning  sodium  in  chlo-  will  dissolve  both  the  oxides  of  barium 
rine  ($  321.),  we  obtain  the  well-known  or  strontium,  and  will  afford  crystals 
substance,  common  salt,  which  is  a  which  differ  from  the  respective  chlo- 
chloride  of  sodium :  by  neutralizing  rides  by  the  water  which  they  contain : 
muriatic  acid  with  socla,  we  obtain  these  may,  perhaps,  be  most  properly 
exactly  the  same  product  While  in  so-  called  muriates ;  but,  at  the  same  time, 
lution,  there  is  nothing  to  prevent  our  it  must  be  confessed  that  there  is  no 
considering  this  as  a  true  safi,  or  a  mw-  very  good  reason  for  affirming,  that  the 
na/tfo/fooei.*  but  when  we  oblige  it  to  chlorides  may  not  afford  crystalline 
assume  the  solid  form  by  the  evapora-  combinations,  as  such,  with  water. 
tion  of  its  If  iter»  we  know  that  it  oon-       Without  ^Vib%  VftQ  xews^  m^^»\.^»s;^ 
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to  these  distinctions,  we  shall  employ  in  pieces  with  a  crackling  noise,  is 
this  double  nomenclature,  appropnate  common  salt  when  thrown  into  the  fat, 
to  the  class  of  hydroacids,  indifferently.  This  is  owing  to  particles  of  water  me- 
ns circumstances  or  facilities  of  explanar  chanically  entangled  in  the  act  of  crys* 
tiou  may  seem  to  require.  The  different  tallization,  and  which  suddenly  assnmtt 
properties  of  the  compounds  depend  an  elastic  form.  Those  salts  which  ooop 
solely  upon  the  presence  of  the  radicle,  tain  water,  chemically  combined,  sddom 
and  are  not  affected  by  the  elements  of  decrepitate. 

the  water,  in  whatever  way  we  imagine        Some  retain  their  water  of  erystalliiiF 

them  to  be  combined ;  and  we  shall  pro-  tion  by  such  a  feeble  afSnity,  that  atf 

ceed  to  describe  such  of  them  as  have  mospheric  temperatures  are  sucffident  to 

not  previously  been  examined  with  the  expel  it  in  a  dry  atmosphere.     Their 

binary  compounds  under  the  heads  of  crystals  then  fall  into  a  powder,  and  ait 

their  respective  acids,  in  the  general  ar-  said  to  effloresce.    Others  have  such  t 

rangement  which  we  shall  adopt  of  the  strong  attraction  for  water,  that  thcf 

saline  bodies.  absorb  the  aqueous  vapour  froni  the  tf 

a  863.)  We  have  before  alluded  gene-  and  melt  into  solution,  or  deliqueaee. 
rally  to  the  mutual  neutralization  of       Many  anhydrous  salts  may  be  meitd 

acids  and  sdkalies  (&  24.),  and  have  ex-  by  the  appUcationof  strong  heat  withoot 

plained  the  nature  of  salts,  and  the  prin-  undergoing  any  decomposition  ;  andtlai 

ciples  of  the  nomenclature  by  which  phenomenon  is  designated  by  the  ten 

they  are  distinguished  (^  1 86. 1 96. 1 98.).  igneous  fusion ;  and  many  which  cor 

It  will  be  expedient  to  extend  our  gene-  tain  water  of  crystallization,  when  Op 

ral  remarks  upon  this  class  of  com-  posed  to  an  increased  tempmUure^  di^ 

pounds  previously  to  entering  upon  their  solve  in  that  water :  and  this  is  calki 

individual  characters.  aqueous  fusion,  A  salt  may  first  undeq^ 

It  is  a  common  mode  of  expression  aqueous  fusion,  have  its  water  all  ei- 
to  speak  of  the  solution  of  a  metal  in  an  pelled  by  heat,  and  then  become  flnid 
acid ;  but  without  explanation  this  may  under  the  igneous  fusion.  The  actioi 
be  liable  to  misconception.  No  metaUic  of  water  upon  salts  is  of  the  utmost  im- 
body,  as  such,  can  be  dissolved  by  an  portance,  as  it  includes  the  pfaenomeai 
oxyacid :  the  action  of  the  solvent  is,  of  solution  and  crystallization.  The  sol- 
first,  to  convert  the  simple  element  to  vent  power  of  this  fluid  is  in  general  m 
an  oxide,  either  bjr  the  decomposition  of  proportion  to  its  temperature ;  but  theR 
part  of  the  acid  itself,  or  of  the  water  are,  nevertheless,  some  exceptions  to 
with  which  it  is  combined,  and  the  sali-  this  general  rule,  as  common  salt,wludk 
liable  base,  thus  formed,  is  afterwards  is  equally  soluble  in  hot  and  in  ctM 
taken  up.  This  is  even  true  of  the  water.  Some  salts  are  wholly  insolubk 
Aydroacids,  whichever  of  the  preceding  in  water,  as  the  sulphate  of  barytes; 
views  we  may  take  of  tlieir  combina-  while  others  deliquesce  so  rapidly  u 
tion ;  if  we  suppose  that  their  radicles  scarcely  to  be  preserved  separate  from 
combine  directly  with  the  metals,  it  is  it,  as  the  muriate  of  lime.  Alcohol  ii 
still  necessary  that  oxygen  should  be  a  solvent  which  acts  upon  a  limited 
present  to  abstract  their  hydrogen :  but  number  of  salts  ;  but  scarcely  can  be 
if  we  imagine  them  to  combine  as  acids,  said  to  dissolve  any  but  the  deliquesooit 
they  can  only  unite  with  oxides.  In  From  this  property,  it  is  often  used  to 
some  instances,  indeed,  the  hydrogen  of  separate  salts  which  are  mingled  tpge- 
the  acid  itself  is  thrown  off,  but  then  the  ther ;  acids,  also,  sometimes  act  mer^ 
product  is  an  undoubted  binary  com-  as  solvents,  without  producing  any 
pound,  as  chloride,  iodide,  &c.  (Jill.)  change  in  the  constitution  of  the  salt: 

(}  364.)  In  treating  of  the  salts,  it  will  thus,  phosphate  of  lime,  wliich  is  inso- 

facilitate  our  dcscripiion  to  distinguish  luble  m  water  in  any  appreciable  quan- 

their  physical  from  their  chemical  pro-  tity,  is  readily  taken  up  by  muriatic  or 

perties ;  by  the  former  we  understand  sulphuric  acid. 

the  form,  the  colour,  the   taste,    the        (}  365.)   In  general,  however,  when. 

smell,  the  density,  fusibility,  volatility,  upon  a  salt  or  a  compound  of  an  acid 

&c. ;  in  the  latter,  we  include  the  action  with  a  base,  we  pour  another  acid,  the 

of  solvents,  such  as  water,  alcohol,  and  base  must  be  considered  as  divided  be- 

acids,  and  the  effects  of  the  various  tween  the  two.    For  example,  suppose 

simple  and  compound  bodies,   as  re-  we  lake  chloride  of  sodium,  whicli.  when 

agents.     Some  salts  decrepitate  when  dissolved  in  water,  as  we  have  seen, 

exposed  to  heat,  that  is  to  say,  Uiey  fly  may  be  considered  as  muriate  of  8odi» 


e  &ciion  oi   me  omer.    n  ow,  mere  we  pour  a  nase  inio  tne  soiuiion  oi  a  salt, 

any  acids  which  are  not  volatile,  it  will  be  that  base  which  has  least  affi- 

ere  are  some  which,  although  vola-  nity  for  water,  which  will  be  disengaged. 

lay  be  considered  as  fixed  at  com-  Thus,  we  shall  find,  that  the  soluble  salts 

empcratures,  because  they  are  al-  of  lime  are  precipitated  by  barytes  and 

M>mbined  with  water ;  and,  when-  strontian,  and  these  again  by  potash  and 

n  acid  is  retained  in  a  liquid  so  as  soda.     The  two  bases  divide  the  acid 

escape  into  the  atmosphere,  it  may  between  them,  when  no  disengagement 

isidered  as  fixed.  In  the  example  to  or  precipitate  takes  place.    Again,  when 

we  have  referred  above,  the  muri-  we  mix  together  two  different  salts  in 

ad  which  we  have  disengaged  will  solution,  ^  by  a  mutual  exchange  of 

',  because  it  is  gaseous,  unless  we  their  adds  and  bases  a  salt  can  be  formed 

previously  dissolved  the  salt ;  but  of  less  solubility  than  those  originally 

have  taken  this  precaution,  the  selected,  double  decomposition  will  cer- 

tic  acid  gas  will  remain  dissolved  tainly  take  place,  and  the  less  soluble 

water,  and  should  be  considered  salt  will  be  precipitated,  unless  there 

;ed.    The  sulphuric  acid  acts  in  should  be  sufficient  of  the  liquid  present 

Line  manner  in  l)oth  cases  ;  but  in  to  take  it  up.    Hence  we  infer,  that  inso- 

ler,  the  decomposition  will  be  less  lubility  may  determine  the  mutual  de- 

ete,  because  the  two  acids  oppose  composition  and  precipitation  of  salts. 

other :  whUe  in  the  former,  the  When  solutions  of  sulphate  of  soda  and 

lie  acid  escaping,  there  is  nothing  nitrate  of  lime  are  mixed  together,  we 

eck  the  action  of  the  sulphuric,  may  conceive  that  either  acid  would 

$»  we  may  conceive,  that  the  affinity  combine  indifferently  with  either  base ; 

e    acids  for  the   bases    depends  but  sulphate  of  lime  is  formed,  because, 

y  upon  their  fixity,  and  that,  under  although  a  small  quantity  may  at  first 

alar  circumstances,  a  volatile  acid  be  taken  up  by  the  water,  it  is  insoluble 

le  eonsidered  fixed.    In  the  expe-  in  any  considerable  proportion  in  that 

t  above,  where  the  muriatic  acid  liquid.    It  is  thus  that  many  cases  of 

lined  by  the  vvater,  if  the  solution  double  elective  affinity  ($  26.)  may  be 

ated,  the  acid  will  be  volatilized  explained,  and  if  we  are  well  acquainted 

junction  with  the  water,  and  the  with  the  relative  solubility  of  the  different 

uric  acid  will  regain  the  ascendancy  salts,  or  their    relative  attraction  for 

»tally  displace  the  muriatic.    It  is  water,  we  may  always  antksipate  the 

to  explain  this  process  by  sup-  decompositions  which  will  follow  upon 

r  thai  the  muriatic  acid  has  less  mixinsr  their  solutions.    These  nheno- 
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It  is  necessary  for  convenience,  to  divide  [Niiraie  of  Pota»h.—\  02. 

them  into  groupes,  and  they  may  be  ar-  ^^  N.  54  +  1  P.  48.) 

ranged  either  in  the  order  of  the  acids  ,.  ^^„  .    ^_  .  _*«.u    ^^  «;u- 

or  i^hat  of  the  bases.    By  the  former  «  368.)   Nitrate  of  I^*^*^^  .«^,f^^ 

method,    all  the    salts  which   contain  mj^  be  directly  formed  by  n^Jf^ralia^ 

sulphuric  acid  would  be  closed  together;  nitnc  acid  with  potash.    ItiscomjXMWd 

by  the  latter,  all  those  which  contain  of  one  equivalent  of  each  of  its  mg»^ 

pbtash,&c.    We  shall,  for  the  present,  dients.    It  crystallizes  in  genj^ 

idopt  the  first  arrangement,  and  com-  sided  prisms  with  striated  sui^s ;  IH 

mence  our  examination  with  the  general  parts  of  water  at  3f  dissolve  13 .2  ptfta 

characterofeachgroupe,and  then  pro-  of  the  salt,  but  at  212°  wiU  take  19 

ceed  to  the  particidars  of  such  individual  246 . 1 5  parts.      It  undergoes  igneov 

salts  as  we  may  think  it  conducive  to  fusion  and  becomes  as  hquid  as  watw 

our  purpose  to  describe.  ?t  a  low  red  heat ;  it  is  sometimes  ca^ 

^    ^  into  moulds  and  called  tfo/pruneMa.    At 

Chapter  XIV.  *  white  heat  it  is  decomposed,  and  its 

.    .  acid  resolved  into  nitrogen  and  oxygoL 

On  the  Nitrates  and  Hifpomtntes.  j^  undergoes  no  alteration  in  the  air, 
($367.)  The  combinations  of  the  nitric  but  attracts  moisture  in  a  saturated  •!• 
acid  (J  71.)  with  different  bases,  const  i-  mosphere.  Its  taste  is  saline  and  cool- 
tutc  a  class  of  salts  most  important  to  ing.  The  action  of  carbon  upon  mtreii 
the  arts.  When  exposed  to  heat  they  very  energetic,  as  maybe  seen  bythroi^ 
are  all  decomposed,  and  the  products  are  ing  a  little  upon  lighted  coals.  The  spoil 
very  various  according  to  the  nature  of  npon  which  it  falls  become  instutif 
the  base.  If  the  attraction  of  the  acid  wnitehot.  When  a  combustible  body » 
for  the  latter  is  but  slight,  it  is  given  mixed  with  nitre  and  gradually  thrm 
off  without  decomposition;  but  when  into  a  heated  crucible  the  process  is  caDoi 
stronger  it  is  decomposed,  and  deutoxide  deJUigration;  it  is  employed  when  it  ii 
of  nitrogen,  nitrogen,  and  oxygen,  are  wished  to  unite  different  sulxstances  with 
evolved,  according  to  circumstances,  oxygen.  Sulphur  treated  in  this  w^ 
The  different  simple  combustibles  act  affords  various  poducts  according  ts 
variously,  but  with  great  energy  upon  the  proportion  with  which  it  is  nuxei 
the  nitrates.  At  common  temperatures  Equal  parts  of  the  two  give  rise  to  tbt 
they  produce  no  effect,  but  when  heated  formation  of  sulphate  of  potash,  and 
together  different  acids  and  oxides  are  oxygen  is  given  off;  two  parts  of  sulphor 
formed.  The  nitric  acid  easily  gives  up  and  one  of  nitre  occasion  the  formatioB 
its  oxygen,  which  unites  with  the  body  of  sulphurous  acid  in  abundance ;  two 
thus  presented  to  it.  If  we  select  nitrate  parts  of  phosphorus  and  one  of  nitre 
of  potash  as  an  example,  we  shall  find  yield  a  product  of  both  phosphoric  and 
that  with  carbon  it  forms  carbonic  acid,  phosphorous  acids.  All  the  metals  may 
and  carbonate  of  potash  will  be  the  oe  oxygenated  in  this  way,  except  gdd, 
result ;  with  phosphorus,  phosphate  of  silver,  platinum,  and  those  rare  sub- 
potash  will  be  produced  ;  and  with  stances  which  are  found  associated  with 
arsenic,  arseniate  of  potash.    When  the  the  latter. 

fixed  acids  are  poured  upon  the  nitrates        A  mixture  of  three  parts  of  nitre,  tiw 

they  are  decomposed,  and   nitric    acid  of  carbonate  of  potash,  and  one  of  sd- 

piven  off,  and  it  is  thus  that  nitric  acid  phur  in  powder,  forms  the  /ulminatmg 

is  procured  for  commerce,  by  distilling  ni-  potvder  which    explodes    with   a  kS 

trateofpotash  with  sulphuric  acid  ({72.).  noise  when   laid  upon  a  metal  plati 

The  alteration  which  muriatic  acid  heated  below  redness, 
undergoes  when  brought  in  contact  with        A  mixture  of  five  parts  of  nitre,  one 

the  nitrates  affords  one  of  their  most  dis-  part  of  sulphur,  and  one  of  charcoal, 

tinctive  characters.    In  seeking  to  de-  finely  powdered    and    very   accurately 

termine  the  nature  of  an  unknown  salt,  blended,  compose  gunpotcder,       Gmt 

if  we  mix  it  with  a  little  muriatic  acid  attention  is  paid  in  the  manufacture  oC 

and  chlonne  is  given  off  in  abundance,  this  important  article  to  the  purity  of 

we  may  conclude  that  it  is  a  nitrate,  the  ingredients:  they  are  mixed  tog^her 

The  hydrogen  of  the  muriatic  acid  com-  with  great  caution  and  pounded  with 

bines  with  the  oxygen  of  the  nitric  acid,  wooden  pestles  with  a  sufficient  quantity 

and  both  chlorine  and  coloured  vapours  of  water  to  prevent  explosions       Tnt 

of  nitrous  acid  are  disengaged.     Ail  the  mixture  is  granulated  by  passinir  ttirourii 

/w/ra/e5  are  soluble  in  water,  .  sieves,  and  carefully  dried.  ^ 
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Nitre  is  fmind  reftdy  formed  in  nature ;  1 0  parts  of  water.    1 00  parts  of  water, 

and  particularly  in  certain  countries  of  at  32^,  will  only  dissolve  5  parts  of  this 

the  east  in  a  kind  of  efflorescence  upon  salt,  but  of  boiling  water  35  parts.     It 

the  ground  after  the  rains.    It  also  forms  is  perfectly  insoluble  in  alcohol  and  nitric 

apon  old  walls  and  buildings,  and  gene-  acid :  if,  tnerefore,  we  pour  concentrated 

rally  in  places  where  saline  bases,  such  nitric  acid  upon  carbonate  of  barytes,  it 

IS  lime,  potash,  or  soda  abound,  and  will  not  be  taken  up,  as  the  nitrate  first 

eome  in  contact  with  decayed  animal  formed  cannot  be  dissolved.    If  strong 

nibstances.     In  France  and  Germany  nitric  acid  be  pouted  into  a  solution  of 

it  is  artificially  produced  by  forming  beds  the  salt  in  water,  it  will  be  precipitated, 

of  such  matters,  but  the  consumption  Nitrate  of  barytas  decrepitates  by  heat, 

of  this  country  is  chiefly  supplied  from  and  is  decomposed  into  nitrous   acid 

the  East  Indies.  and  oxygen.    When  the  nitrate  is  whoHy 

xr--.    J     -r  o  ^       o/j  n  decomposed  the  peroxide  of  barium  is 

Nitrate  of  Soda.^BS.  ?  produced,  which,  howeyer,  is'  not  quite 

(1  N.  54+1  S.  32.)  so  pure  as  when  formed  by  passing  oxy- 

6  369.)    When  nitric  acid  is  saturated  gen  over  ignited  barytes  (§  330.). 

with  soda,  instead  of  potash,  the  product  j^^j^^te  of  Lime,— 82. 

iboots  mto  crystals  of  nearly  a  cubic  ..  ^  /:/tiT    oo\ 

Sbrm.  instead  of  ftx-sided  prisms.   Their  ^            ( i  in  .  54  +  l  L.  28.) 

taste    resembles  that   of  nitre,  but  is  d  372.)  Nitrate  of  lime  is  composed 

acre  pmigent  ^^  ^?^  equivalent  of  nitric  acid  and  one 

The  nitrate  of  soda  is  more  soluble  in  of  lime.  It  forms  ciystals  resembling 
edd  water  than  the  nitrate  of  potash,  bundles  of  needles  diverging  from  a 
100  parts  of  water  at  32®  taking  up  73  common  centre.  It  rapidly  dissolves  in 
parts;  but  boiling  water  does  not  dis-  water,  and  is  deliquescent.  Alcohol 
lolve  more  than  1 73  parts.  The  results  ^so  ^a^^es  it  up  in  abundance,  and  it  may 
of  the  decomposition  of  the  two  salts  ♦'^^s  oe  separated  from  nitre,  with  which 
ire  neariy  alike.  The  former  is  more  de-  >*  »s  generally  found  mixed  as  a  native 
fiquesoent  than  the  latter,  and  therefore  production.  It  is  very  readily  decom- 
DotsoweU  adapted  to  the  manufacture  posed  by  heat,  and  yields  nitrous  acid 
of  gunpowder,  but  it  is  sometimes  m  great  quantities.  The  crystals  con- 
used,  as  more  economical,  in  the  forma-  tain  a  considerable  quantity  of  water  of 
tion  of  fire-works.  It  is  but  litUe  em-  crystallization  the  amount  of  which  has 
ployed  in  the  arts.  ^^^  "^^"  ascertained.  When  nitrate  of 
,  lime  has  been  kept  fused  for  about  ten 
Nitrate  of  Ammonia.  minutes  in  a  crucible,  and  then  poured 
(IN.  54  +  1  A.  17  +  1  W.  9.)  into  an  iron  vessel  previously  heated, 
(}  370.)  The  composition  and  chief  pro-  the  congregated  mass  broken  in  pieces 
pcrties  of  nitrate  of  ammonia  have  been  and  exposed  m  a  well-stopped  bottle  to 
described  when  treating  of  the  ammo-  t^^e  light  of  the  sun  for  a  few  hours,  will 
niacal  salts  (6$  80.  188.).  We  shall  only  emit  in  the  dark  a  beautiful  white 
now  allude  to  the  great  cold  produced  l»«ht.  This  preparation  has  been  called 
by  the  solution  of  ite  crystals  m  water.  Baldwins  phosphorus. 
AVater,  at  55°  Fah.,  upon  being  satu-  Nitrate  of  Copper.^lSS. 
rated  with  this  salt,  will  have  its  tern-  t^  ino  j_  i  n  on  v 
perature  reduced  to  9°,  a  reduction  of  46  (2  IN.  108  +  1  U  80.; 
degrees.  But  what  is  most  remarkable,  (J  373.)  Copper  readily  dissolves  in  nitric 
if  a  solution  at  9°  be  mixed  with  water  acid  diluted  with  two  or  three  parts  of 
tt  55°,  there  will  be  a  further  production  water  to  temper  its  action,  which  other- 
of  9°  of  cold,  and  the  mean  density  of  wise  would  be  violent  and  dangerous, 
the  two  fluids  will  be  greater  after  the  The  metal  becomes  oxidated  at  the  ex- 
mixture  than  before,  affording  an  ex-  pense  of  a  portion  of  the  acid,  deutoxide 
ample  of  a  reduction  of  temperature  by  of  nitrogen  is  given  off  in  abundance,  and 
condensation,  which  is  an  exception  to  the  peroxide  is  dissolved  by  the  remain- 
tlie  general  law.  der  (J  363).  Two  equivalents  of  the 
...  t  ^n  M  loft  n  acid  thus  combine  with  one  of  the  oxide. 
Nitrate  of  Jiarytes.'-13£. .  ^^^  ^  j^^^  proportion  of  water,  amount- 

(1  N.  54  +  1  B.  78.)  jiig  to  14  equivalents.     It  ought  strictly 

(J  371.)  The  nitrate  of  t)arytes  may  be  toT)e  called  the  binitrate  of  copper.     It 

prepared  by  dissolving  the  carbonate  of  forms  crystals  of  a  splendid  blue  colour, 

Uiytes  in  nitric  acid  diluted  with  9  or  but  the  anhydrous  salt  is  white.    When 
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tliese  crystals  are  coarsely  pounded,  acid  forms  with  the  pt>^oxide  of  mer- 
sprinkled  with  a  little  water,  and  quickly  cury,  is  called  the  |>ro/o-nitrate  of  mer- 
rolled  up  in  tin-foil,  there  is  much  heat  pro-  cury;  while  that  with  the  p^r-oxide  is 
duced,  nitrous  gas  is  rapidly  evolved,  and  termed  the  p^-nitrale  ((376.).  The 
the  metal  generally  takes  fire.  The  salt  is  protonitrate  of  mercury  may  be  formed 
caustic,  and  corrodes  the  skin ;  its  taste  oy  dij^tihg  mercury,  at  a  low  temperar 
insupportabl3r  styptic  It  is  very  soluble  ture,  in  nitric  acid,  diluted  with  three  or 
in  water,  and  is  even  taken  up  by  alcohoL  four  parts  of  water,  until  the  acid  is 
By  adding  a  small  portion  of  potash  or  saturated ;  and  then,  allowing  the  solu- 
ammonia  to  its  solution,  or  oy  greatly  tion  to  evaporate  spontaneouSy,  a  small 
heating  the  dry  salt,  a  subnitrate  of  quantity  of  deutoxide  of  nitrogen  m 
copper  is  formed  in  which  the  acid  exists  slowly  given  off  during  the  process.  A 
in  much  smaller  proportion  to  the  acid,  little  of  the  metal  should  be  left  in  the 
By  heating  the  nitrate  to  redness,  pure  liquid  to  prevent  the  formation  of  a  pro- 
peroxide  of  copper  may  be  obtained,  portion  of  the  pemitrate.  The  proto- 
nitrate may  also  be  procured  by  boiling 
Nitrate  of  X«id— 166.  ^  solution  of  the  pemitrate  with  an  ad- 
(1  N.  54  + 1  L.  1 12.)  ditional  quantity  of  mercury.  The  newly 
(6  374.)  Nitric  acid  a  little  dUuted  added  metal  will  become  oxidated,  at 
dissolves  lead  with  the  extrication  of  *«  e^P^ns^,  ?f  that  already  dissolved, 
deutoxide  of  nitrogen,  or  the  same  salt  *^^  "^"^  ^  taken  up  by  the  acid.  Thii 
may  be  formed  by  digesting  litharge  salt  tnay  be  whoUy  dissolved  by  ^w^^ 
a  232.)  in  the  dUuted  acid.  It  crystal-  slightly  acidulated  with  nitric  acid,  bat 
laes  in  white,  opaque  octohedrons  which  f^J^  ^^^^  ^as  the  property  of  preap- 
contain  no  water  of  crystallization.  Their  ^^S  from  this  and  other  mercurial 
taste  is  sweet,  like  that  of  all  the  salts  of  saj^Sj  sub-salts  of  various  composition, 
lead.  They  are  composed  of  one  equi-  The  crystals  of  protonitrate  of  m«. 
valentofboth  acid  and  base.  The  ni-  ^^  c^^j^^  water,  probably  to  , the 
trate  of  lead  is  not  very  soluble,  as  100  amount  of  two  equivalents, 
parts  of  cold  water  will  only  take  up  «  -^  ^  ^  »x  ..^^ 
about  13  parts  of  the  salt.    When  ex-           Pemitrate  of  Mercury. -4S6. 

posed  to  heat  it  decrepitates,  then  melts  (1  N.  54  +  2  M.  432.) 

and  gives  off  nitrous  acid  and  oxygen,  (j  377,)  ^Vhen  mercury  is  heated  in  an 

When  distilled  from  a  glass  retort,  the  excess  of  strong  nitric  acid,  it  is  dissolved 

product  condensed  in  a  receiver,  kept  with  a  brisk  effenescence  of  deutoxide  of 

cool  for  the  purpose,  is  a  yellow  hquid,  nitrogen,and  transparent  prismatic  crys- 

which  is  said  to  be  pure  anhydrous  nt-  ^als  are  deposited  as  the  solution  cools. 

trous  acid  (}  69.).  This  salt  is  composed  of  one  equivalent 

A  solution  of  nitrate  of  lead  may  be  ^f  acid,  and  two  of  the  base.  If  the  sola- 

partially  decomposed  by  ammonia,  so  as  tj^n  be  poured  into  cold  water,  a  white 

to  form  several  «^^>m^ra<f*.    On  adding  precipitate  is  formed  ;  or,  if  into  boiling 

a  very  small  quantity  of  the  alkah  a  sub-  ^^ter,  an  orange-coloured  one,  consist- 

mtmteis  formed,  conj posed  of  1  equivar  -      ^f  citric  acid,  with  a  great  excess  of 

lent  of  acid,  and  2  of  the  base ;  a  little  ^^gde,  and  forming  an  insoluble  sub-per- 

more  produces  a  compound  of  1  equiva-  titrate 

lent  of  acid  and  3  of  base,  and  an  excess        vVe  have  stated  (6  203.)  that  the  per- 

of  ammonia  precipitates  a  salt  composed  ^,7^^^^  ^f  ^jgrcury  iiay  be  decomposed 

of  1  of  acid  and  6  of  base.  ^y  heat,  and  that  the  peroxide  will  re- 

Protonitrate  of  Mercury.— 262.  ™*»"-  ./^ '»  more  correct  to  say,  that 

fMsj  KAj^i-M  o(\Q\  ^"®  o^*^®  SO  obtained  still  contains  a 

(1  IS.  54  + 1  M.  208.)  g^j^jj  proportion  of  acid,  and  is  there- 

(}  375.)  It    will    be   recollected    that  fore  not  so  pure  as  when  formed  by 

mercury  forms  two  oxides,  which  con-  heating  the  metal  with  access  of  air. 
stitute   salifiable    bases    (§  203.):  the 

nitric  acid  is  capable  of  combining  with  Nitrate  of  Silver.— 1 72. 

both.  (1  N.  54  +  1  S.  118.) 

(}  376.)  The  chemical  nomenclature  (j  378.)   The  nitric  acid  readily  acts 

distin^ishes  such  salts  by  transfemng  to  upon   silver,   and  dissolves  it  with  a 

the  acid  the  Greek  numeral,  or  preposi-  copious  disengagement  of  the  deutoxide 

tion  which  IS  used  to  designate  the  oxide  of  nitrogen.     Wlien  the  metal  is  pure, 

rf33.).    Thus  the  salt  which  the  nitric  the  solution  is  colourless,  contains  1^ 
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slight  excess  of  acid,  and  forms,  by  Ths  Hyponitritbs. 

;?^lu~of%Sr?Z^'^^^^^  flTrJZi^  «  ^^^•>  I^  ^"  ^«  remembered  fhat 

ciystals  of  the  form  of  flat  rhombs,  there  are  two  acids  formed  by  nitrogen. 

This  ^t  IS  composed  of  one  equivalent  ^^  ^j^^,  degrees  of  oxygenation  tlian 

of  acid  and  one  of  base,  and  contains  ^le  nitric:  nimely,  the  nitrous  and  the 

no  water  of  crystallization.    Water  wdl  hyponitrous  ($}  esVes.),  but  the  latter 

dissolve  of  It  aSout  Its  own  weight,  at  the  only  affords  salts   with  the   diflFerent 

ordmaiy  emperature  of  the.air,  and  alco-  ^  J^,          ^hen  the  former  is  made  to 

hoi  about  a  quarter  of  its  weight.   The  ^c^     '^^  ^^em,  protoxide  of  nitrogen  is 

crystals  of  nitrate  of  silver  fuse  at  a  tern-  disengaged  and  a*^hyponitrite  formfd. 

peraJUireunderamoderateheat,a^^^^  The   jiyponitrites   may   be    distin- 

Doured  into  heated  moulds,  form  the  jj^ed  as  a  class  by  the^ed  vapours 

Wi^^ft^T  so  much  used  msurgery^^  ^^i^^  ^      ^^j^  ^^     ^^       P 

A  solution  of  this  salt  stains  animal  ^^^er  aci/s,  such  as  weak  sulphuric  or 

or  vegetable  substances  of  a  deep  black  ^^^^0.  or  even  acetic  acids.    The  hypo- 

colour   after  exposure  to  light.     This  ^^^^^^  ^^^^  i^  ^^^^  decomposed  into 

seems  o  anse  from  a  reduction  of  the  citrous  acid  and  nitrogen.  ^  Muriatic 

"""^Vu  ^^t'^'^^'^H  ?***i'  ^^f  '""T^'  acid  is  not  decomposed  by  them,  nor 

which  has  been  so  stained,  wil ,  when  ^hloVine   evolved,    as  by  the    nitrates 

burnished,  exhibit  a  bright  metallic  sur-  ^jgg^)     When  exposed,  with  different 

fece.  resembling  that  of  pure   silver,  combustibles,  to  the  action  of  heat,  they 

This  properiy  is  turned  to  account  for  „^  decomposed,  in  an  analogous  man- 

marking  I^cn,  &c.,   m  a  permanent  n^^  ^^  ^^e  nitrates,  but  with  much  less 

manner.    For  this  purpose  the  cloth  IS  ^^            When  their  solutions,  diluted 

moistened  with  a  hquid  made  by  dis-  ^ith^ater,  are  boiled,  they  are  decom- 

solving  two  ounces  of  subcarbonate  of  ^^^^     subnitrates    are   formed,    and 

soda  and  two  drachms  of  gum-arabic  Nitrogen  disengaged, 

in  four  ounces  of  water,  and  the  solu-  °              °^ 

tion  of  the  salt  itself  thickened  with  a  Hyponitntes  of  Lead. 
little  gum,  and  coloured  with  Indian  ^^  -^ 
ink.  The  nitrate  of  silver  is  easily  de-  (§  380).  If  we  take  100  parts  of  nitrate 
composed  by  a  multitude  of  bodies.  If  of  lead  in  crystals  and  78  parts  of 
it  be  mixed  with  a  little  carbon,  and  ex-  lead  in  a  state  of  fine  division,  and  heat 
posed  to  the  temperature  of  boiling  the  mixture  so  as  to  make  it  boil,  we 
water,  deutoxide  of  nitrogen  and  car*  shall  obtain  a  salt,  which,  on  cooling, 
bonic  acid  are  evolved,  and  the  silver  is  will  crystallize  in  beautiful  gold-coloured 
obtained  in  crystals.  When  mixed  with  needles.  It  may  be  considered  as  a  sub- 
phosphorus,  and  smartly  struck  with  a  hyponitrite  of  lead,  being  composed  of 
nammer,  the  decomposition  takes  place  two  equivalents  of  oxide  of  lead,  and 
with  detonation ;  and  if  a  stick  of  phos-  one  of  hyponitrous  acid.  It  is  but 
phorus  be  left  immersed  in  its  solution,  slightly  soluble  in  water,  and  acts  upon 
it  will  become  beautifully  silvered.  Most  vegetable  colours  as  an  alkali. 
(^  the  metals  decompose  it,  and  take  If  carbonic  acid  be  passed  into  its  so- 
its  place  with  the  acid.  If  a  little  mer-  lution,  half  the  lead  will  be  precipitated 
cury  be  poured  into  a  bottle  filled  with  as  a  carbonate  of  lead,  and  a  neutral 
a  solution  of  the  salt,  after  a  little  while  hyponitrite  of  lead  (that  is  to  say,  a  salt 
the  silver  will  be  precipitated,  of  a  conaposed  of  one  equivalent  of  each  of 
beautiful  form,  resembling  the  branches  its  ingredients)  will  be  left  in  solution. 
of  a  tree,  which  has  been  called  the  A  small  (quantity  of  sulphuric  acid  will 
Tree  of  Diana,  also  precipitate  half  the  lead. 

When  the  solution  is  contaminated  By  adding  a  larger  quantity  of  lead  to 

(as  often  occurs)  with  copper,  it  may  be  the  nitrate  of  lead,  a  yellow  liquid  wiU 

purified  from  the  latter  metal  by  preci-  be  obtained,  which,  upon  evaporation, 

pitating  a  portion  of  it  with  excess  of  will  yield  octohedral  crystals,  resembling 

potash.    The  precipitate  will  consist  of  that  of  the  nitrate  itself,  except  in  being 

a  mixture  of  the  oxides  of  silver  and  yellow.    This  is  another  subhvponitrite, 

copper.    This,  when  well  washed,  may  consisting  of  3  equivalents  of  base  :  and 

be  thrown  into  the  remainder  of  the  so-  lastly,   by  boiling  together  2  parts  of 

lution;  and  the  oxide  of  silver  having  a  nitrate,  3  f  of  lead,  and   100  of  water, 

greater  affinity  for  the  acid  than  the  until  the  whole  is  taken  up,  a  brick-red 

oxideof  copper,  the  former  will  displace  salt  will  be  obtained,   eovcv\^<^^^  ^^  ^ 

the  )altcr»wiiich  will  he  precipitated.  equivaknla  ot  base,   TYv\%  ^«X\.  ^c^xwVdxsi^ 


94  CHEMISTRY. 

a  proportion  of  water,  but  is  less  soluble  rated,  till  a  pellicle  forms  tspon  its  inf. 

than  the  others.  face,  and  suffered  to  cool,  the  chlcnrate 

V.  •.      ^  /-»  o  will  crystallize,  and  the  muriate  remain 

Hypomtntes  of  Copper,  ^c.  .^  solution.    The  chlorate  of  potash  ii 

(J  381.)     The   hyponitrite  of  copper  perfectly  anhydrous,  and  composed  «f 

may  be  formed,  by  carefully  pourmg  one  equivalent  of  acid  and  one  of  base. 

into  a  solution  of  sulphate  of  copper  It  is  obtained  crystallized  in  small  scales, 

some   hyponitrite  of  lead.      A  double  whose  regular  form  is  rhomboidal.    Its 

exchange  will  take  place,  sulphate  of  taste  much  resembles  that  of  nitre.    It 

lead  will  be  precipitated,  and  hyponitrite  is  but  little  soluble  in  cold  water,  but 

of  copper  remain  in  solution.  much  more  so  in  hot.    It  may  be  fused 

Hyponitrite  of  iron  and  other  hypo-  by  a  strong  heat  without  decomposition ; 

nitrites  may  be  formed  by  similar  ope-  but  upon  increasing  the  temperature  stifi 

rations :  but  they  have  been  little  studied,  further,  it  gives  off  6  equivalents  of  oxy- 

and  have  not  been  applied  to  any  prac-  gen,  and  cnloride  of  potassium  remaim 

tical  purpose.  (J  36.).  It  explodes  violently  by  percus- 

A  hyponitrite  of  potash  is  probably  sion,  or  trituration  in  a  mortar,  when 

formed,  when  nitrate  of  potash  nas  been  mixed  with  sulphur  or  carbon;   with 

exposed  to  a  moderate  red  heat,  for  if  phosphorus  the  experiment  is  dangeroui^ 

acetic  acid  be  found  upon  the  residue,  from  the  violence  of  the  effects, 
it  emits  red  fumes,  whereas,  before  the        When  thrown  into  concentrated  sol* 

apphcation  of  the  heat,  the  salt  is  not  at  phuric  acid,  enough  heat  is  disengaged 

all  affected.  to  inflame  combustible  bodies — such  as 

sulphur  and  resins.  It  is  to  this  propeitf 

Chapter  XV .^  that  the  instantaneous-light  maiehe$  owe 

On  the  Chlorates,  Perchlorates,    and  their  efficacy :  three  parts  of  cWoiyte  of 

Combinations  of  Chlorine  mth  Ox-  PJ*^*^  ^  °^«ed  with  one  part  of  $d- 

1*^^^  phur  or  sugar,  and  made  into  a  paste 

*       _        , ,      ,  , ,    ^1.  with  a  little  thick    gum-water.      Thp 

(5  382.)     The  chlorates  resemble  the  matches  are  dipped  into  the  mixture^ 

mtrates  very  much  in  general  characters,  ^nd  when  touched  with  sulphuric  acid 

and  they  are  easily  characterized  as  a  they  instantly  burst  into  flame, 
class.     The  chlonc  acid  contains  the        Attempts  have  been  made  upon  a 

same  number  of  equivalents  of  oxygen  Wg  scale  to  manufacture  gunpowder 

as  the  nitric  (§  92.),  but  still  more  loosely  ^jtl^  this  salt,  instead  of  nitre ;  but  so 

combmed ;  so  that  its  salts  are  decora-  ^any  serious  accidents  occurred  from 

posed  with  extreme  facility,   either  by  spontaneous  explosions,  that  the  attempt 

mere  heat  or  by  combustible  bodies.  They  has  been  abandoned.     Mixtures  of  tt 

give  off  pure  oxygen  when  exposed  to  a  y^Xh  different  combustibles  have  been 

high  temperature,  and  deflagrate  readUy  also  applied  for  percussion  priming  to 

when  thrown  upon  Ignited  coals.   When  guns,  but  it  was  found  seriously  to  act 

treated  with  su  phur,  they  form  W  upon  the  barrels,  and  it  has  been  aban- 

quantitiesof  sulphurous- and  sulphuric  doned  for  the  fulminate  of  mercuir, 

acids,  and  when  treated  with  muriatic  ^hich  has  no  coirosive  property, 
acid  they  yield  chlorine  and  its  protoxide.  ^    r     ^ 

The    sulphuric    acid  disengages    from  Chlorate  of  Soda,--!  09. 

them    peroxide    of    chlorine    (}    98.).  (1  C  76.+  1  S.  32.) 

With  sulphur    and    phosphorus    they  (}  384.)    The  chlorate  of  soda  is  best 

detonate  violently  by  percussion.    They  prepared  by  the  direct  combination  of 

are  never  found  as  natural  productions,  the  acid  and  the  base:  it  may  also  he 

Chlorate  of  Potash, --124.  PJ]?^^"?^^  ^y  l^\'^°lf  ,?T^^'  ^  V"^ 

J,   ;^         -J  chlorate  of  potash,  substituting  soda  for 

(1  U.  76  +  1  n  48.)  potash ;  but  it  is  much  more  soluble 
(}  383.)  The  chlorate  of  potash  maybe  than  that  salt  in  cold  water,  and  there- 
formed  by  the  direct  combination  of  the  fore  not  so  easily  separable  from  the 
acid  and  the  base,  or  by  passing  chlorine  chloride  of  sodium  with  which  it  is 
into  a  concentrated  solution  of  pure  pot-  mixed.  It  also  assumes  the  cubic  form 
ash,  until  the  latter  is  completely  neu-  in  crystallizing ;  and  is  scarcely  to  be 
tralized.  The  solution  obtained  by  the  distinguished  by  the  taste  from  the  chlo- 
last  process,  after  being  boiled  for  a  few  ride.  Its  properties  agree  with  those  of 
minutes,  will  contain  both  muriate  and  the  chlorate  of  potash, 
chlorate  of  potash.     If  gently  evapo*  (}  385.)  It  may  be  well  to  mtntioQ 
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here,  that  when  experiments  are  to  be  of  sulphuric  acid.    Peroxide  of  chlorine 

made  upon  the  decomposition  of  sub-  (^  390.)  is  pven  oiF  durinsr  the  process, 

stances  which  explode  by  heat,  it  is  best  and  a  mixture  of  this  salt  with  bisulphate 

to  mix  them  with  a  large  proportion  of  of  potash  remains.  The  latter,  being  more 

some  inert  substance  in  powder,  such  as  soluble  than  the  former,  may  be  separated 

sand,  sulphate  of  potash,  &c.  Thus  me-  from  it  by  washing,  and  by  careful  crys- 

dianically  diluted,  as  it  were,  they  only  tallization  the  perchlorate  may  be  col- 

gradually  receive  the  impression  of  the  lected  in  small  octohedral  crystals. 

heat,  in  very  small  portions  at  a  time ;  It  is  quite  insoluble  in  alcohol,  and 

and,  by  adopting  this  precaution,  the  requires  fifty-five  times  its  weight  of 

most  explosive  powders  may  be  safely  water  at  60°  for  its  solution :  it,  however, 

analyzed,  and  their  gaseous  products  dissolves  much  more  freely  in  water  of 

accurately  collected.  212°.   It  is  from  this  salt  that  perchloric 

acid  has  been  obtained,  by  distilling  it 

Chlorate  of  Barytes.— 154.  ^jth  an  equal  weight  of  sulphuric  acid 

(I  C.  76  -H  1  B.  78.)  at  a  temperature  of  28 0°Fah.   When  ex- 

a  386  )  WK  shall  desorib.  one  more  of  1^  iMrcl:rt*rS^'':*loridtTf 

?h*4^«!S.^\rrf;"rSi„g"h:  PO.assiuma„doxyge„gas. 

source 'whence  the  chloric  acid  is  ob-  Combinations  of  Chlorinb  with 


tained   (6    92.).     The  fluosilicic    acid  ths  Oxidbs 

theordinaS'temperatureoftheair.   By  ^li;^!.  aTfrJSS^^^firS^! 

mixing  this  acid  m  excess  with  a  solu-  rpt,^  l^.i«™.«.i-  i;«««  u,,i  mm^  .*«k;i:i» 

tion.Sf  chlorate  of  potash  an  insoluble  I^'^rieSjdUtti^JishSSS 

precipitate  IS  fonn«i  with  the  alkaline  ^^^.^  „,  ^^^^  correspondin|  metals,  or 

Use.  which,  at  first,  s  of  a  gelaUnou.  j^e  chlorides  of  pota^ium.  sodium,  cal- 

form.  and  scarcely  visible,  but  afterwards  ^i„„  g^  ^he  two  first,  which  can  only 

'^jT' 7u '^su^^^'i  *h|».?>"»S*^  »«P*-  be obtwned  in  the  Uquid  form  bypassing  k 

rated  by  the  filter.  A  solution  of  barytes  ^„^„,  ^^  ehlorine  through  sJ/utions  of 

m  water,  also  m  excess,  is  mixed  with  y,    ^^^  ^ ^j      ^  ,^5,   ^„^^^ 

tiie  clear  i^u.d ;  and  a  current  of  car-  •„,„  ^jj^ures  of  chloratM^of  potash  or 

boDic  acid  IS  passed  through  it.  which  ^     ^^  chlorides  of  potassium  or  so- 

precipitates  the  excess  of  baprtes  m  an  ^        ^hey  aU  possess  powerful  bleach- 

Sd^"  prilr;-  aJd  X^  of "waten  SS"^-'  ^^  ^"^  '""*  '^"^  "^ 

at  ordmary  temperatures,  will  dissolve 

about  12  parts.  Chloride  of  Lime. 

Pbrchlorates.  a  390')  Thb  manufacture  of  chloride  of 
^t  r»o»v  m  1  r  i»  J  11.  lime  (commonly  called  ^feacAinfl^poMxfer) 
(J  387.)  This  class  of  salts,  and  the  -^  ^^  ^  importance,  and  islilrried  on 
acid  ofwhich  they  are  composed  (J  94^^^  upon  a  very  large  scale.  It  is  prepared 
are  but  httle  known.  They  act  with  ^^^  gj^  Jhlonne  into  chambers  con- 
great  violence  upon  igmted  coal,  on  ac-  gtructed  for  the  purpose,  in  which  strata 
count  of  the  great  excess  of  oxygen  ^^  ^,j^  slaked  lime,  in  fine  powder,  is 
which  enters  into  their  composition,  and  ^^  ^^  its  action  in  trays.  The  gas 
of  which  they  possess  two  equivalents  j^  Absorbed  with  rapidity,  and  much  heat 
more  than  the  chlorate.  They  are  j^,  evolved.  It  is  neceisary,  indeed,  to 
readily  decomposed  by  heat  and  by  all  regulate  this  last  circumstance  by  pass- 
combustible  bodies.  The  acid  enters  .^^  ^^  ^^^^^  of  gas  Very  slowly  into 
into  combination  with  a  the  bases,  and  ^j,e  apparatus,  or  by  surrounding  it  with 
the  products  are  perfectly  neutral,  iue.  ^^jj  ^^^^  „  ^  /^  high  temperature 
possess  neither  acid  nor  alkahne  pro-  determines  the  formation  of  a  lalrge  pro- 
perties.)                                                      portion  of  chlorate  of  lime. 

Perchlorate  of  Potath.—US .  ?  .The  chloride  of  lime  is  thus  obtamed 

/I  n  inn  4.  iv  Afi7\  ™  ^^^  formdf  a  dry,  white  powder. which 

(1  u.  100  ■^  1  r.  4».  r)     ^         possesses  a  faint  odour  of  chlonne,  and 

{^  888.)  The  perchlorate  of  potash  may  a  strong  penetrating  taste.  When  agi- 
be  obtained  by  gently  heating,  to  the  tern-  tated  with  water,  a  portion  is  dissolved, 
penture  of  about  1 1  (fi  Fish.,  a  mature  of  which  taries  in  different  specimens.  Its 
one  pttt  of  chknrate  of  potash  with  two    exact  composition  is  a  matter  of  QO^sitx^ 
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versy;  but  it  is  probable  that  the  dry  contained  in  a  soup-plate,  Und  renewed 

powder  consists  of  one  equivalent  of  every  two  or  three  days,  is  quite  suiE- 

chlorine  united  with  two  of  hydrate  of  cient  in   all  ordinary  cases.      During 

lime,  and  that,  when  dissolved,  one  equi-  fevers  of  a  decidedly  infectious  charae- 

valent  of  the  latter  is  precipitated ;  and  ter,  the  solution  should  be    sprinkled 

that  the  chloride  which  remains  in  solu-  about  the  chamber,  and  the  linen  of  tbe 

tion  is  composed  of  one  equivalent  of  patient  thrown  into  a  pail  of  wator  la 

chlorine  and  one  of  the  hydrate.    When  which  double  the  above  quantity  of  the 

fresh  prepared,  with  care,  it  does  not  salt  has  been  mixed.    There  is  reason 

contain  any  admixture  of  muriate  of  to  believe,  from  actual  experiment,  that 

lime  (chloride  of  calcium) ;  but  by  long  the  contagion  of  the  plague  itself  may  be 

keeping:,  especially  if  moist,  this  salt  is  stopped  by  these  precautions.    The  fiill 

produced.  benefit  of  the  discovery,  however,  can  only 

When  exposed  to  heat,  it  is  decom-  be  derived  from  the  people  acting  for 
posed ;  a  small  (quantity  of  chlorine  and  themselves  in  this  matter,  and  not  wait- 
water  are  first  given  off,  and,  upon  rais-  ing  for  the  recommendation  of  medical 
ing  the  temperature  to  600°,  the  oxygen  men,  who,  from  their  constant  attend- 
of  the  base  is  evolved,  and  chloride  of  ance  upon  disease,  are  possibly  less 
calcium  produced.  The  chlorine  is  also  alive  to  the  danjjers  which  surround 
readily  displaced  by  the  different  acids,  them ;  and,  except  in  very  decided  in- 
even  by  the  carbonic,  whose  affinities  stances  of  infection,  may  sometimes  be 
are  probably  the  weakest  of  all.  unfortunately  afraid  of  the  ridicule  of 

It  is  very  extensively  used  in  bleach-  giving  way  to  unfounded  alarm.  The 
ing,  as  it  destroys  colours  nearly  as  effi-  precaution  is  neither  expensive,  trouble- 
caciously  as  cmorine  itself.  Its  power  some,  nor  unpleasant,  and  is  perfectly 
for  this  purpose,  and  conse<^uently  its  within  the  reach  of  the  poorest  of  the 
commercial  value,  may  be  estimated  by  community.  In  no  case  can  it  be  pro- 
its  action  upon  a  solution  of  indigo  of  ductive  of  any  injurious  effects ;  and  he 
known  strength.  When  a  solution  of  who  is  acquainted  with  the  facts,  is 
the  chloride  is  exposed  to  the  air,  the  guilty  of  the  grossest  negligence  who 
carbonic  acid  gradually  displaces  the  does  not  have  recourse  to  such  simple 
chlorine,  which  slowly  escapes  into  the  means  of  prevention,  even  in  cases  of 
atmosphere,  and  carbonate  of  lime  is  the  very  slightest  suspicion.  We  are 
produced.  Advantage  has  been  taken  well  aware  that  we  are  exposing  our- 
of  this  property  for  a  most  beneficial  selves  to  some  ridicule  for  so  stronglf 
purpose,  and  one  which  cannot  be  too  enforcing  such  a  subject  in  a  scientific 
widely  published,  or  too  urgently  en-  treatise ;  but  when  we  consider  that  theie 
forced,  by  all  those  who  may  have  it  in  pages  are  destined  for  thousands  to 
their  power  to  recommend  it  by  precept  whom  other  sources  of  such  informa- 
or  authority.  Gaseous  chlorine  possesses  tion  are  not  accessible,  we  should  fed 
thepower  of  destroying  the  volatile  prin-  ourselves  guilty  of  the  same  kind  of 
ciples  given  off  by  bodies  in  a  state  of  negligence  which  we  strongly  condemn 
putrefaction  or  infectious  effluvia,  and  is  in  others,  if  we  did  not  avail  ourselves 
often  used  with  great  advantage  for  the  of  the  opportunity  of  widely  extending 
purposes  of  fumigation ;  but  its  smell  is  the  useful  knowledjre  of  the  disinfecting 
of  such  a  suffocating  nature,  and  so  power  of  the  bleaching  powdet\  or  chlo- 
iiTitating  to  the  lungs,  that  the  greatest  ride  of  lime, 
caution  must  be  taken  not  to  inhale  it  in  p  yvt 
any  quantity.  In  the  process,  however,  ,V  .  ^^^  .V,'.  ., 
above  described,  it  is  so  gradually  On  the  Murtates  and  Chlorides. 
evolved  as  not  to  occasion  inconveni-  (}391.)  Referring  to  the  general  ob- 
ence  ;  and  it  may  be  thus  exposed,  even  servations  which  we  have  just  made, 
in  the  chambers  of  the  sick,  without  the  (}  362.)  upon  the  nature  of  the  corn- 
slightest  annoyance.  Unpleasant  ex-  pounds  of  the  hydroacids,  we  propose 
halations  are  instantly  neutralized  by  this  in  this  chapter  to  treat  of  the  products 
salutary  process,  contagion  checked,  and  of  the  action  of  the  muriatic  acid  upon 
a  pleasant  freshness  communicated  to  the  different  bases,  and  to  describe  their 
the  air,  which  does  not  merely  cover  dis-  properties,  whether  as  muriates  or  clilo- 
agreeable  smells,  like  common  fumiga-  rides,  with  more  particularity  than  it 
lions,  but  effectually  destroys  them.  The  consisted  with  our  purpose  to  do  under 
chloride  is  cheap  and  easily  procured ;  the  binary  compounds.  One  of  the 
and  the  quantity  of  a  table-spoonful,  distinctive  characters  of  this  class  of 
fftin-ed  into  as  much  water  as  may  be  sallsi  ia  V)[v^\x   Vci^V^vXif^V'}   ^'\Vcv  \bfi. 
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wmple  combustibles,  and  particularly  car-  all  soluble  in  water,  except  the  chloride 

bon.  If,  for  instance,  we  mingle  common  of  silver,  the  protochloride  of  mercury, 

salt  (chloride  of  sodium)  with  charcoal,  it  and  some  subchlorides. 

vfUl  remain  unchans;ed  at  any  degree  of 

heat  to  which  we  may  expose  it.    They  Chloride  of  Silver.^146. 

are  all  decomposed  by  the  sulphuric  acid,  ,  ^   i ,  n  •  i  n 

with  the  evolution  of  muriatic  acid.     If  (l  H.  110+ 1  O.  36.) 

they  be  muriates,  the  sulphuric  acid  dis-  ($  392.)  The  formation  and  composition 

places  the  muriatic,  and  combines  with  of  the  chloride  of  silver  have  been  al- 

thebase:  if  chlorides,  yftLiar  is  decom-  ready  described  (§210.).  To  the  account 

posed,  the  hydrogen  passing  to  the  chlo-  there  given  of  its  properties,  we  have  but 

rine,  which  escapes,  as  before,  in  the  form  few  particulars  to  add.     It  is  tasteless, 

of  muriatic  acid,  and  the  oxygen  to  the  on  account  of  its  perfect  insolubility  ; 

metal,  forming  an  oxide  with  which  the  which  is  so  absolute,  that  a  drop  of  ni- 

sulphuric  acid  unites.  trate  of  silver  will  occasion  an  obvious 

The  mutual  action  of  nitric  acid  and  opacity  in  water  which  contains   but 

these  salts  is  remarkable,  and  exempli-  ^wkvn  part  of  muriatic  acid.    It  is  also 

fies  the  general  law,  which  we  have  be-  insoluble  in  alcohol,  and  all  the  acids 

fore  explained  (}  365.),  of  the  simulta-  except  concentrated  muriatic  acid,  which 

neous  action  of  two  acids  upon  one  -base,  takes  up  a  small  portion  of  it ;  but  it 

If  ¥fe  pour  nitric  acid  upon  a  muriate,  a  is  again  precipitated  by  pouring  water 

partial  decomposition  takes  place,  a  cer-  into  the  solution.      It  is,  as  we  have 

taio  quantify  of  a  nitrate  of  the  base  is  before  observed,  abundantly  dissolved 

formed,  and  a  certain  quantity  of  mu-  by  ammonia,  but  may  be  disengaged 

riatic  acid  disengaged ;  but  the  muriatic  from  it  by  neutralizing  the  alkali  by  an 

and  nitric  acids  cannot  exist  together  acid.     Upon  gently  evaporating  the  am* 

without  mutual  action ;  they  form  what  moniacal  solution,  the  chloride  may  be 

the  ancient  chemists  used  to  call  AqiM  obtained  in  crystals.     It  is  also  taken 
Begia,  because,  so  united,  they  have  the  -  up  in  small  quantities  by  a  concentrated 

power  of  dissolving  gold,  which  they  de-  solution  of  common  salt  and  some  other 

nominated  the  king  of  metals  ($  189.).  chlorides;  and  if  a  solution  of  muriate 

The  muriatic  acid,  disengaged  by  the  of  soda  be  evaporated  in  a  silver  vessel, 

nitric,  and  mixed  with  it,  gives  rise  to  a  it  will  become  alkaline,  and  a  sensible 

double  decomposition :  the  hydrogen  of  quantity  of  silver    will   be   dissolved. 

the  former  unites  to  part  of  the  oxygen  UliloriJe  of  silver  may  be  decomposed 

of  the  latter,  and  water  is  formed,  with  by  the  contact  of  zinc  or  iron,  with  the 

chlorine  and  nitrous  acid.     It  is  the  intervention  of  a  little  muriatic  acid ;  the 

chlorine  of  this  mixed  fluid  which  dis-  zinc  is  dissolved,  and  gradually  abstracts 

solves  the  gold,  and  the  nitrous  acid  is  the  chlorine  from  the  silver,  leaving  it 

thrown  offi    In  proportion  as  the  chlo-  in  the  metallic  state  in  the  form  of  a 

rine  is  neutralized  by  the  action  of  any  porous  mass.    This  decomposition  may 

metallic  base,  the  decomposition  of  the  be  rapidly  effected,  on  a  lar^e  scale,  by 

two  acids  proceeds,  and  more  is  evolved,  heating  the  mixture  in  an  iron  vessel ; 

If,  on  the  other  hand,  muriatic  acid  the  zinc  abstracts  the  chlorine,  and  the 

in  excess  be  made  to  act  upon  a  mtrate,  silver  may  be  obtained  pure  by  mere 

a  chloride  is  formed  ;  the  oxygen  of  the  washing.    In  no  instance  does  the  chlo- 

base  Hniting  with  the  hydrogen  of  the  ride  of  silver  enter    into  combination 

acid,  and  forming  water :  nitric  acid  is  with  water,  and  there  is,  consequently, 

liberated,  which  i-e-acting  upon  the  ex-  less  room  for  distinction  between  the 

cess  of  muriatic  acid  in  the  manner  just  direct  combination    of  the  metal  and 

described,  this  mixture  has  also    the  chlorine,   and  the  oxide  and  muriatic 

property  of  acting  upon  gold.  acid,  than  in  many  instances  of  this 

The  muriatic  acid  is  most  easily  re-  class  of  salts, 
cognised  by  dropping  into  a  solution  of  r^n    •>      ^  y>  » . 

any  of  its  salts  a  little  solution  of  any  CMondes  of  Gold, 

salt  of  silver,  as  the  nitrate.    A  white  ($  393.)    We  have  already  referred  to 

curdy  precipitate  is  immediately  formed,  the  uncertainty^  which  exists  with  regard 

which  is  a  (mloride  of  silver  (}  210.).   It  to  the  composition  of  the  chlorides  of 

is  insoluble  even  in  an  excess  of  acid,  gold :  a  few  additional  particulars  may 

but  is  taken  up  by  ammonia.    When  not  be  without  interest.    The  saturated 

exposed  to  light,  it  changes  its  colour  to  solution  of  the  metal  in  nitro-mvitvalv^ 
violet.    The  muriates  and  chlorides  are    acid  yields,  by  cat^luies^i.'^t^vQ'^^^T)^ 
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•IbIs  of  a  dieep  orange  colour,  which  rar  in  nitro-muriatic  acid,  and  adding  19 

pidly  attract  moisture  from  the  air,  and  parts  of  common  salt  (chloride  of  so- 

are  readily  decomposed   by  heat,  the  dium.)    Yellow  prismatic  crjrstals  may 

chlorine  escaping:,  and  the  gold  remain-  be  obtained  b)r  evaporating  the  solution, 

ing  in  the  form  of  a  spongy  mass.    This  When  solution  of  gold,  diluted  with 

salt,  which  is  often  designated  as  the  about  3  parts  of  water,  is  mixed  with 

muriate  of  gold,  contains  a  considerable  liquid  ammonia,  a  brownish  precipitiite 

proportion  of  water  of  crystallization ;  is  formed,  which,  washed  ana  careftiBy 

out  when  strong  sulphuric  acid  is  poured  dried,  at  a  temperature  not  exi 


into  a  saturated  solution  of  it,  anhydrous  212°,  is  known  by  the  name  of  fubm^ 
chloride  of  gold  is  precipitated.  The  nating  gold.  It  explodes  violen^y  Ij 
solution  of  gold  is  so  easily  decomposed,  friction,  and  by  the  electrical  shock,  ft 
that  the  action  of  light  is  sufficient  to  is  supposed  to  be  a  compound  of  oxide 
reduce  the  chloride ;  and,  unless  care-  of  gold  and  ammonia,  in  the  propoHioii 
fblly  exclude  from  its  agency,  the  glass  of  about  5  parts  of  the  former  to  i  of  tbe 
which  contains  it  soon  becomes  lined  latter.  In  its  sudden  decompositioB 
with  a  brilliant  coat  of  the  revived  the  oxide  of  the  gold  unites  with  the 
metal.  It  is  oAen  used  in  the  arts  for  hydrogen  of  the  alkali,  and  forms  vrtter; 
obtaining  a  precipitation  of  gold  for  the  gold  is  reduced,  and  nitFOgen  if 
^rarious  ornamental  purposes ;  and  this  evolved, 
kind  of  gilding  is  effected  by  the  agency 

of  a  great  variety  of  substances  which  Chlorides  ofPlaHnum. 

nave  a    strong  attraction  for  oxygen, 

which  abstract  it  from  the  water  of  the  ((  395.)  Thb  direct  combination  wfaidi 
solution,  and  leave  the  hydrogen  to  we  formerly  described  ((  220.)  of  ^ati* 
combine  with  the  chlorine,  which  then  num  with  chlorine,  is  most  probably  a 
separates  from  the  metal.  A  splendid  proto-chloride  of  Uiat  metaL  If  the 
purple  colour  is  i^so  obtdned  from  it  solution  of  pure  platinum  in  nitro-muri* 
Dy  precipitation  with  proto-chloride  of  atic  acki  be  evaporated  to  dryness  aim 
tin,  which  is  much  used  in  enamel  paint-  gentle  heat,  and  the  temperature  nsl 
ing,  and  for  tingeing  glass  of  a  fine  red.  subsequently  raised,  a  brown  ddiqiiss- 
It  is  known  by  the  name  of  purple  of  cent  mass  will  be  obtained,  whidi  ii 
Cassius,  If  concentrated  solutions  of  veiy  soluble  both  in  water  and  aloohei 
the  two  chlorides  be  mingled  together.  This  is  a  p^cA/onie,  and  is,  probsiUy, 
in  any  proportions,  metallic  gold  will  composed  of 
be  precipitated ;  but  if  both  be  diluted  i  equivalent  of  platraum  .     96 

with  water  previously  to  theur  mixture,  ^       ditto  chlorine.     72 

a  purple  powder  will  be  thrown  down,  v    «     ^         ^ 

which    consists    of  a  mixture  of  per- 
oxide  of  tin  and   metallic  gold,  whose  168 

proportions  appear  to  vary  according  to  

circumstances.  but  it  also  contains  combined  water,  sad 

($  394.)  When  solutions  of  the  alka-  in  this  state  is  known  by  the  name  of  jMf^ 
fies  are  added  to  the  solution  of  gold,  mtin'a/^  of  platinum.  It  is  easily  deoom- 
ttie  whole  of  the  metal  is  not  thrown  posed,  vrith  revival  of  the  platinum,  by 
down :  one  portion  is  precipitated  in  the  a  great  many  of  the  metals,  and  difRar- 
Ibrm  of  oxide,  but  another  is  retained  in  ent  combustible  bodies.  It  is  conveited 
triple  combination  with  the  acid  and  into  the  proto-chloride  by  a  temperatme 
alkali.  Salts  thus  constituted  of  two  not  exceeding  430^  F. ;  but,  by  a  higher 
bases  are  distinguished  by  the  name  of  heat,  all  the  chlorine  is  expelled,  and  the 
double  salts.  When  potash  is  added  to  pure  metal  remains,  rerchloride  of 
the  solution  of  chloride  of  gold,  a  part  platinum  unites  with  the  chlorides  sf 
of  the  metal  precipitates,  and  a  double  the  alkaline  metals  to  form  double  salts 
chloride  o/gold  and  potassium  is  iormed,  analogous  to  the  double  chlorides  of 
which  is  very  soluble,  and  not  decom-    gold. 

posed  by  any  further  addition  of  the  The  double  chloride  of  platinum  ami 
alkali.  Similar  double  salts  may  be  potassium  is  formed  by  mixing  diloride 
formed  by  the  action  of  soda,  lime,  and  of  potassium  with  perchloride  of  plati- 
sven  magnesia;  but  they  have  been  num.  It  is  very  sparingly  soluble  in 
TOy  little  attended  to.  The  double  chlo-  water,  and  quite  insduble  in  alcohol :  it 
ride  of  gold  and  sodium  may  also  be  is  of  a  yellow  colour,  and  crystaUisss  in 
obtained  by  dissolving  300  parts  of  gokl    small  octohedra.    It  consists  of 
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1  equivalent  perohloride  of  pla-  insoluble  in  water.    Muriatic  acid,  when 

tinum 168  concentrated,  acta  upon  metallic  copper 

1  ditto  chloride  of  potassium        84  with  difficulty  at  a  boiling  heat ;  but  the 

■  peroxide  is  readily  dissolved  by  the  acid, 

252  and  forms  a  green  solution  of  different 

—  degrees  of  intensity,  according  to  its 
This  salt  is  formed  whenever  the  alco-  concentration.  By  careful  evaporation 
holic  solution  of  the  perchloride  is  added  green  prismatic  crystals  may  be  ob- 
to]a  concentrated  solution  of  any  salt  tained,  which  are  deliquescent  and  very 
whose  base  is  potash,  and  thus  the  salts  soluble  both  in  water  and  alcohol.  The 
of  potash  may  be  distinguished  from  all  proportions  of  metal  and  chlorine  are 
others.  the  same  as  in  the  perchloride ;  but,  in 

A  similar  double  chloride  of  platinum  addition,  it  contains  a  definite  propor- 

and  sodium  may  also  be  formed  which  tion  of  water  of  crystallization,  ana  in 

]s  soluble  both  m  water  and  alcohol.  this  state  is  often  called  permuriate  of 

A  double  muriate  of  platinum  and  copper.    It  parts  with  this  water  at  a 

ammonia  is  produced  in  abundance  by  moderate  temperature,  and  then  in  no 

adding  a  solution  of  muriate  of  ammo-  respect  differs  from  the  perchloride. 

nia  to  the  perchloride  of  platinum.    The  When  com)er  is  merelj^  wetted  with 

precipitate  is  of  a  light  yellow  colour,  muriatic  acid  or  a  solution   of  com- 

and  composed  of  '  mon  salt,  and  exposed  to  the  air,  an 

1  equivalent  bichloride  of  pla-  oxide  is  formed  united  to  a  little  chlo- 

tinum 168  rine.    This  sub-salt  is  also  formed  when 

1  ditto  muriate  of  ammonia    .      54  a  sufficient  quantity  of  any  alkali  is 

— —  poured  into  a  solution  of  the  permuriate 

222  to  decompose  it.    It  is  of  a  blue  colour, 

and  used  as  a  paint,  which  is  unchanged 

"When  this  ammonio-muriate  is  strongly  by  exposure  to  the  air. 

heated,  the  ammonia  and  the  chlorme  ^^n,  .  ,. 

are  driven  off,  and  pure  metallic  plati-  CMoruie  of  Cobalt. 

Bum  remains  in  a  peculiar  spongy  dis-  ((397.)   A  chlorids  of  cobalt  may  be 

SBlemted  state ;  from  which  the  mal-  prepared  by  dissolving  the  metal  in  mu- 

leaUe  platinum  used  in  the  arts  is  pre-  riatic  acid ;  during  the  solution  hvdro- 

pared  by  welding  at  a  high  heat  with  gen  gas  is  evolved.    When  the  solution 

strong  pressure.  has  been  evaporated  to  dryness,  and  the 

Platinum,in  the  slightly-coherent  state  residue  heated  to  redness,  out  of  the 

in  which  it  is  obtained  by  the  decpm-  contact  of  air,  a  deep  blue  salt  is  ob- 

position  of  this  double  muriate,  possesses  tained  of  a  lamdlated  or   micaceous 

the  remarkable  property  of  determining  texture,  which  is  the  pure  anhydrous 

the  union  of  hydrogen  and  some  other  chloride.    It  forms  a  pink  solution  in 

inflammable  gases  with  oxyj|;en;  and  water,  which,  by  careful  evaporation, 

when  a  stream  of  the  former  is  directed  yields  crystaJs,  which  contain  a  definite 

V|K>n  a  small  particle  of  the  metal  thus  proportion  of  water,  and  are  sometimes 

prepared,  it  speedily  becomes  white  hot,  called  the  hydrated  chloride,  and  some- 

hom  the  great  quantity  of  heat  which  is  times  the  muriate  of  cobalt    The  pink 

disengagM,  and  tiie  gas  is  inflamed,  solution  changes  colour  according  to  its 

Hie  process  cannot  at  present  be  said  d^eeofconcentration,  and  when  heated 

to  be  perfectly  understood,  butprobaUy  to  the  boiling  point  assumes  an  intense 

originates  in  a  mechanical  condensation  blue  colour.    If  the  metal,  from  which 

of  the  gas  in  the  pores  of  the  spongy  the  chloride  has  been  made,  should  not 

mass,  anak)gous  to  that  which  we  have  have  been  perfectijr  pure,  but  slightly 

-described  as  taking  place  with  freahr^re-  contaminated  with  iron,  nickel,  or  ar- 

pared  diarcoal  (|l53.).    Some  other  genie,  the  colour  produced  is  green.    If 

metals,  in  a  state  offine  division,  possess  the  pale  pink  solution  be  employed  to 

the  same  property  at  higher  tempera-  write  upon  paper,  the  characters,  when 

tuxes  and  m  a  less  degree.^  dry,  wUl  be  invisible ;  but  if  the  paper 

^^,    ..      ^^  be  held  before  a  fire,  the  writing  will 

Chloruies  of  Copper.  appear  in  bright  blue  or  green.    As  the 

(§396.)  Wb  have  seen    (}}344,  345.)  paper  cools,  the  colour  will  again  dis- 

that  the  two  chlorides  of  copper  have  a  appear  in  oonseauence  of  its  absorbing 

y^Uowiih  colour,  which  is  of  no  great  in-  moisture  from  the  air ;  and  the  pheno- 

teoiity;  and  that  the  protoohloride  is  mena  may  be  reproduced  many  times  m 

aX  2 
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succession.     When  employed  for  this 
purpose  it  is  called  a  sympathetic  ink. 

Muriates  of  Tin. 

(§398.)  By  boiling  one  part  of  tin  with 
two  of  muriatic  acid,  a  solution  may  be 
obtained,  which  yields  by  concentration 
a  crop  of  deliquescent  crystals,  which 
consist  of  proto-muriate,  or  hydrated- 
protochloride  of  tin  ({  287.).  The  solu- 
tion has  a  great  attraction  for  oxygen, 
which  it  quickly  absorbs  from  the  air 
and  from  several  metallic  solutions 
which  it  deoxidizes  and  revives.  It  is 
much  used  in  the  arts  of  dyeino;  and 
calico  printing:,  to  change  colours  and  to 
fix  them.  With  infusion  of  cochineal  it 
produces  a  purple  precipitate. 

During  the  absorption  of  oxygen  from 
the  atmosphere,  part  of  the  tin  is  thrown 
down  in  the  state  of  i>eroxide,  and 
another  part  combines  with  a  second 
equivalent  of  chlorine  or  muriatic  acid, 
and  permuriate  or  perchloride  of  tin 
((  288.)  remains  in  solution :  the  same 
solution  may  at  once  be  obtained  by 
dissolving  tin  in  nitro-muriatic  acid,  or 
a  mixture  of  nitric  acid  and  common 
salt,  or  munate  of  ammonia.  It  is  also 
much  used  by  dyers,  and  produces  a 
scarlet  colour,  with  infusion  of  cochineal. 

Chapter  XVII.  * 

On  the  Bromates  and  Hydro- bromates, 
or  Bromides  —  and  on  the  lodates 
and  Hydriodates,  or  Iodides. 

($  399.)  The  combinations  of  the 
bromic  and  hydro-bromic  acids  with  the 
different  bases,  or  of  bromine  with  the 
several  metallic  elements,  have  hitherto 
been  too  little  studied  to  enable  us  ac- 
curately to  characterize  them  as  classes, 
and  they  are  of  too  rare  occurrence  to 
render  the  omission  of  any  consequence 
to  the  student.  The  bromates,  haw- 
ever,  are  generally  analogous  to  the 
chlorates  (}  382.) :  they  deflagrate  when 
thrown  upon  ignited  charcoal,  and  give 
off  pure  oxygen  when  heated. 

The  hydro- bromates  precipitate  the 
solutions  of  silver  like  the  muriates 
($  391 .) ;  the  bromide  of  silver  which  is 
formed  has  the  same  curdy  appearance 
as  the  chloride,  and  becomes  black  by 
exposure  to  li^ht.  It  is  also  soluble  in 
ammonia,  and  msoluble  in  boiling  nitric 
acid.  Boiling  sulphuric  acid,  on  the 
other  hand,  disengages  vapours  of  bro- 
mine, by  which  it  may  be  distinguished. 
We  shall  proceed  to  describe  two  or 
tJiree  of  (be  salts  aa  illustrations  of  the 
subject. 


Bromate  of  Potash, 

(§  400.)  When  the  ethereal  solution  of 
bromine  (}  100.)  is  shaken  up  with  so- 
lution of  potash,  bromate  of  potash  and 
bromide  of  potassium  are  both  produced. 
TTie  former  separates  in  the  form  of  m 
crystalline  powder.     It  is  soluble  in 
water,  and  slightly  so  in  alcohol,  and 
it  crystaiizes  m  needles.    It  acts  like 
nitre  upon  hot  coals,  and  is  converted 
into  bromide  of  potassium  by  the  disen- 
gagement of  its  oxygen.    When  miied 
with  sulphur  it  may  be  made  to  detonate 
by  a  blow.    It  is  sparingly  soluble  in 
water,  and  its  solution  occasions  a  wlnte 
precipitate  in  nitrate  of  silver,  by  which 
it  may  be  distinguished  from  chlorate  of 
potash,  which  it  otherwise  resembles, 

Bromate  of  Baryta. 

(}401.)  If  the  solution  of  bromme  k 
ether  be  agitated  with  the  aqueous  soliir 
tion  of  baryta,  two  salts  are  also  pro- 
duced, viz.  the  bromate  of  baryta  and 
the  bromide  of  barium.  •  The  former 
may  be  obtained  in  needle  crystals,  and 
is  the  source  from  which  the  bromie 
acid  is  obtained,  as  before  mentioned 
(§  102.).  It  produces  a  vivid  deflagrar 
tion  when  thrown  upon  ignited  charooaL 

HydrO'Bromate  of  Potash,  or  Bromid$ 

of  Potassium. 
($  402.)  Bromine  and  potassium  aet 
intensely  on  each  other,  with  evolutioo 
of  light  and  heat :  a  white  crystallized 
substance  is  the  result.  The  same  salt 
is  obtained  in  combination  with  water, 
by  agitating  together,  as  above  stated 
({  400.),  solutions  of  bromine  and  potash, 
or  by  the  direct  saturation  of  hydro- 
bromic  acid  (}  103.)  with  potash.  It 
crystallizes  in  cubes,  and  is  much  more 
soluble  than  the  bromate,  a  property 
which  renders  it  easily  separable  from 
the  latter. 

HydrO'Bromate  of  Baryta,  ^or  Bromide 
of  Barium. 

(}  403.)  The  hydro-bromate  of  baryta 
may  be  formed  as  above-mentioned 
($  401.),  or  by  the  direct  combination  of 
the  acid  and  base.  It  is  very  soluble  in 
water,  and  is  also  taken  up  by  alcohoL 
By  evaporation  of  the  solution  it  may 
be  obtained  in  opaque  mammilated 
crystals. 

HydrO'Bromate  of  Ammonia. 

($404.)  Hydro-bromic  acid  ^  unites 
with  its  own  volume  of  ammoniaeal  gaSf 
and  forms  a  white  volatile  salt  It  ciya- 
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tallizes  in  long  prisms,  and  is  soluble  in  sence  of  iodine  may  also  be  recognized 

water.    By  exposure  to  the  air  it  be-  by  the  precipitate  of  iodide  of   silver, 

comes  yellow,  and  slightly  acid.  which  is  formed  by  the  addition  of  a 

solution  of  silver  to  a  solution  of  any  of 

The  Iodates.  this  class  of  salts.    It  is  white,  and  in- 

(§  405.)  We  have  seen  that  the  iodic  soluble  in  water  or  the  acids.    It  is  also 

acid  is  analogous  in  composition  to  the  insoluble  in  ammonia,  bv  which  it  may 

chloric  acid  (§  108.):  the  general  cha-  ^  dishnguished  from  the  chlonde  and 

iracter  of  the  iodates  is  also  similar  to  bromide  of  the  same  metal. 
that  of  the  chlorates.    They  form  defla-       Jp^^^^  possesses  likewise  the  property. 

grating     mixtures    with     inflammable  which  we  have  before  noticed  (J  1 06.).  of 

bodies,  and  give  out  oxygen  gas  at  a  communicatmg  a  beautiful  and  peculiar 

low  red  heat.    A  metallic  iodide  gene-  blue  colour  to  starch ;  so  that,  if  a  liltle 

irally  remains  after  this  operation,  but,  ofthis  vegetable  substance  be  mixed  with 

in  some  cases,  iodine  itself  is  liberated,  f"  ><??.»df».a?d.  sulphuric  or  nitnc  acid 

They  are  easily  distinguished,  as  a  class,  be  added,  it  is  immediately  characterized 

by  the  disengagement  of  iodine  when  by  this  distinctive  property, 
exposed  to  the  action'  of  deoxidizing 

substances,  as  the  sulphurous,  phospho-  Hydriodaies  of  Iron  and  Zinc 

Ijous,    muriatic,   and  hydriodic    acids,  (j  4O8.)  The  hydriodate  of  iron  and  the 

They    are,  in  general,  very   sparingly  hvdriodate  of  zinc  may  be  formed  by 

soluble  in  water.  digesting  thin  fragments  of  the  resped- 

lodaie  of  Potash,^2\2.  *^^^  "^""^^^  ^" Jf*^""  '"  T^^^j?  ^^'^\^^ 

n  T  ifij  -I.  1  P  iift  \  suspended.     The    combination    takes 

(11.164  -t-  1  l*.  48.)  place  with  great  rapidity.    They  may 

(§  406.)  The  iodate  of  potash  may  be  each  be  obtained  in  crystals,  by  eva- 

jobtained  by  projecting  iodine  into  a  hot  poration  of  theur  solution.    The  anhy- 

strong  solution  of  pure  potash  till  the  drous  iodides  may  also  be  procured  by 

alkali  is  neutralized.     By  evaporating  the  action  of  iodine  upon  the  metals». 

the  solution  to  dryness,  a  mixture  of  without  the  intervention  of  the  water. 

Iodate  and  hydriodate  of  potash  is  ob-  The  iodide  of  iron  is  a  brown  com- 

tained,  from  which  the  latter  may  be  pound,  fusible  at  a  red  heat,  but,  when 

washed  by  strong  alcohol,  the  former  combined  with  water,  it  is  of  a  green 

b^ng  perfectly  insoluble  in  that  fluid,  colour. 
It  is  a  difficultly  soluble  salt,  and  gives  rr  j  *  j 

out  about  22  per  cent,  of  oxygen  at  a  Hydnodaie  of  Pota8h.-'\73. 

red  heat,  and  is  thereby 'converted  into  (1  H.  125  -h  1  P.  48.) 

iodide  of  potassium.    All  the  insoluble  ^t  .^^^  n^      uj-j^     *      i^. 

iodates  may  be  obtained  from  this  salt  ^^^H  ^^\^yi"^.**^°^  P'J*^?^  "^^ 

by  double  decomposition ;  as,  for  in-  ^.F^T-^j^y  ^^/rfi  ^^^^^^^^^^^alion 

stance,  the  iodate  of  baryta,  by  mixing  J>J™  hydnodic  acid,  by  the  alkali  or  by 

the  muriate  of  baryta  with  its  solution.  H*^  ^o^^.^e  decomposition  of  either  the 

None  of  them  possess  sufficient  inte-  bydnodate  of  iron  or  zinc,  by  carbonate 

reft  to  require  delcripUon.  ?'  P°^^^;  .V  ^'^y*^*)^*" V^  ^"bes.  and 

^  *^  is  very  soluble  m  water.  The  anhydrous 

;  The  Hydriodates,  or  Iodides.  !»^*»  ^r  iodide  of  potassium,  may  be 

■  .J    .        ,  formed  by  the  direct  action  of  iodine 

(5  407.)   In  considenng  the  combina-  and  the  metal,  which  combine  together 

tions  of  the  hydriodic  acid  with  the  dif-  v?ith  great  enerey.    It  is  of  a  crystalline 

toeai  bases,  we  must  recollect  its  close  texture,  white,  and  fusible  at  a  red  heat. 

analogy  to  the  muriatic  acid  (}  111.),  The  solution  of  this  salt,  as  of  all  the 

and  the  observations  which  have  been  hydriodates,  is  capable  of  dissolving  ar 

jmade  upon  the   combinations  of  the  considerable  quantity  of  iodine,  whence 

hydro-acids  in  general  (}  362.).  When-  it  derives  a  purple  colour.    This  salt,  or 

ever  sulphunc  acid,  nitric  acid,  or  chlo-  the  hydriodate  of  soda,  constitutes  the 

rine,  are  brought  into  contact  with  a  residue  of  the  solution  of  kelp,  which 

hydnodic  salt,  either  in  the  solid  state  we  have  previously  described  (J  1C5.)  as 

or  in  solution,  iodine  is  disengaged,  and  the  source  from  which  iodine  is  derived. 

may  be  recognized  by  its  colour.    If  the  It  also  exists,  in  very  minute  proportions, 

litter  agent,  however,  should  be  in  ex-  in  the  waters  of  the  sea.    It  has  lately 

eess^the  iodine  will  be  dissolved,  and  been  applied*   with  aocoft  «\]a^%v  'v\ 

lbs  eokmr  will  disappear.    The  pre-  me^n^ 
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Iodide  of  Barium, 

(§410.)    By   acting  upon  baryta  with 
hydriodic  acid,  a  solution  may  he  ob- 
tained which  crystallizes  by  evaporation. 
The  salt  is  anhydrous,  and,  when  its 
ablution  is  exposed  to  the  air,  it  is  de- 
composed,   and   carbonate   of  barjrta 
i>rmed.    When  the  iodide  of  barium, 
and  the  corresponding  iodides  of  stron- 
tium and  calcium  are  exposed  to  heat  in 
contact  with  the  air,  iodme  is  given  off, 
and  baryta,  strontia,  or  lime,  remain ; 
but  the  iodides  of  potassium  and  sodium 
are  unchanged  by  heat.    In  the  former 
ease  the  metallic  bases  have  a  stronger 
affinity  for  oxygen  than  for  iodine  at  a 
high  temperature,  but  in  the  latter  the 
order  of  the  attraction  is  reversed. 

Hydriodate  of  Ammonia. — 142. 

(1  H.  125  -f  1  A.  17.) 

($411.)  Equal  volumes  of  hvdriodic 
acid  and  ammoniacal  gases  combine  to- 
gether and  form  deliquescent  cubic  crys- 
tals, which  are  volatile  in  close  vessels 
without  decomposition.  When  exposed 
to  the  contact  of  air  and  moisture,  they 
tare  speedily  decomposed,  with  disen* 
gagement  of  iodine. 

Chapter  XVIII. 

.  On  the  Sulphites  and  Sulphates — Hypo- 
sulphites and  Hypo  -  Sulphates  — 
Hydro- Sulphur ets  or  Sulphurets — 
and  Sulphuretted' HydrO' Sulphurets. 

(^  412.)  The  salts  which  the  sulphurous 
acid  ($  116.)  forms  with  the  different 
bases  are  easily  distinguished  as  a  class. 
Those  which  are  soluble,  as  the  sul- 
phites of  potash,  soda,  lithia,  and  am- 
monia (the  rest  being  nearly  insoluble), 
are  characterized  by  a  sulphurous  taste. 
When  the  stronger  acids,  as  the  sulphu- 
ric, muriatic,  phosphoric,  &c.  are  poured 
upon  any  of  them,  the  sulphurous  acid 
is  disengaged  with  effervescence,  which 
may  be  easily  recognized  by  its  suffo- 
catmg  smell.  By  exposure  to  air  they 
absorb  oxygen,  and  are  changed  into 
sulphates.  They  are  all  decomposed  by 
heat :  part  of  their  sulphur  sublimes, 
and  the  remainder,  uniting  with  the  ad- 
ditional equivalent  of  oxygen,  changes 
the  salt  into  a  sulphate:  part  of  the 
base,  however,  is  disengagea,  as  enough 
sulphuric  acid  cannot  be  formed  to  neu- 
tralize the  whole.  The  soluble  salts  of 
baryta,  strontia,  and  lime  decompose  the 
alkaline  sulphites,  because  the  sulphites 
of  the  same  earths  are  insoluble  ($  365.) 
Having  enumemted  these  general  pro- 


perties of  the  clan,  the  siubject  has  too 
little  interest  to  require  that  we  shoolil 
enter  at  any  length  into  the  deaeriptkMl 
of  the  individual  species:  they  nave 
been  applied  to  little  use,  and  have  bees 
but  sligntly  examined* 

Sulphite  of  Lime, 

(}  413.)  The  sulphite  of  lime  mi^  be 
bMest  procured  by  passing'sulphurom  aeii 
gas  through  water  in  which  powdered 
chalk  is  suspended  as  long  as  anv  eSw* 
vescence  is  produced.  If  carried  btyood 
this  point,  the  excess  of  sulphurous  uH 
would  redissolve  the  product  It  il 
thus  obtained  in  the  form  of  a  white 
powder,  which  may  be  preserved  indose 
bottles,  as  a  convenient  source  of  the 
sulphurous  acid.  It  is  used  in  wnit 
countries  for  regulating  the  fermeDtaftkNi 
of  the  vats. 

Sulphite  of  PotcBsh, 

(§  414.)  Sulphite  of  potash  may  be 
formed  by  passing  sulphurous  acid  into 
a  solution  of  the  alkali  or  its  carbonalteL 
It  must  be  subjected  to  evaporation  <Mt 
of  the  contact  of  the  air,  when  whitt 
erystals  vrill  be  produced  in  the  foiu  of 
pmtes.  They  are  veiy  soluble*  and  Oidl 
taste  is  sulphurous.  A  bisulphite  of 
potash  is  at  the  same  time  formed,  which 
separates  first  from  the  solution. 

The  Sulphates. 

(}  414.)  Of  far  higher  importance  ait 
the  salts  formed  by  the  sulphuric  add 
(§118.):  many  of  them  are  found  in  na- 
ture in  abundance,  and  many  are  lai^dt 
employed  in  the  arts.  TTie  sulphates 
afford  neither  effervescence  nor  disetf- 
gagement  of  vapour  by  the  affusion  of 
any  acid  at  ordinary  temperatures ;  bdt 
the  sulphuric  acid  may  be  displaced  at 
a  high  heat  by  the  boraeic,  phosphork^ 
and  arsenic  acids.  When  exposed  alone 
to  a  high  temperature,  the  sulphates  are 
all  decomi>osed,  except  those  of  pota^ 
soda,  lithia,  baryta,  strontia,  linM^ 
magnesia,  and  lead.  All  the  othen 
afford  sulphurous  acid  and  oxygen  bj 
the  action  of  a  red  heat.  Such  as  con* 
tain  no  water  of  crystallization  give  out; 
moreover,  a  portion  of  anhydrous  sul- 
phuric acid  (§  118.)  as  the  sulphate  o£ 
vcon. 

The  whole  class,  not  excepting  those 
which  resist  decomposition  at  an  ele- 
vated  temperature,  may  be  decomposed 
by  carbon  and  a  high  heat.  The  acid 
and  the  oxide  are  both  decomposed,  and 
a  sulphuret  formed.  A  similar  cJiaiM 
18  elieoled  b>|  b^dxo^xv  ^laa^  at  a  tel 
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Water  is  formed,   and  not  un- 

atly  some  sulphuretted  hydrogen. 

soluble  sulphates  may  be  recog- 

by  the  dense  white   precipitate 

is  formed  upon  pouring  into  them 

tion  of  any  salt  of  biuyta.    The 

le  of  baryta  thus   produced  is 

insoluble  in  water,  acids,  or  al- 

By  boiling  the  insoluble  sul- 

with  three  times  their  weight  of 

\aie  of  potash  or  soda,  a  double 

position  takes  place,  carbonate  of 

IS  formed,  and  a  sulphate  of  the 

in  which  the  acid  may,  of  course, 

scted  by  the  same  process. 

Sulphate  of  Silver. — 158. 
(I  SuL40  +  1  Sil.  118.) 

.)  Diluted  sulphuric  acid  will 
et  upon  silver;  but  when  con- 
ted  and  boiling,  it  forms  with  it  a 

saline  mass,  easily  fusible.  It 
es  90  parts  of  water  at  GO^  for  its 
)n ;  but  it  is  more  soluble  in  boil- 
iter,  firom  which  it  separates  on 
^  in  small  prismatic  crystals.  It 
imposed  at  a  red  heat,  and  metal* 
/er  remains.  The  action  of  sul- 
(  acid  is  employed  in  a  very  large 
'or  separating  small  portions  of 
'om  silver.  The  gold  is  not  touched 

acid,  and  is  collected  in  the  form 
lack  powder.  The  silver  is  after- 
recovered  from  the  sulphate  by  the 
of  metallic  copper  which  combines 
the  acid,  and  precipitates  it  in  a 
iilent  state. 

oto-nUphate  of  Mercury. — 248. 

(1  S.40  +  1  M.  208.) 

'.)  Thk&b  are  two  sulphates  of 
uy  corresponding  to  the  two  oxides 
it  metal.  If  one  part  of  mercury 
otl^  heated  with  one  and  a  half  of 
unc  acid,  sulphim>us  acid  gas  will 
en  oiF,  and  a  white  mass  obtained, 
I,  after  being  washed  with  water. 
te  the  proto-sulphate  of  mercury, 
lolublewith  difficulty,  and  reauikvs 
at  purpose  500  parts  of  cold  and 
f  boiling  water,  and  crystallizes  in 
is.  It  is  composed  of 
c[uiv.  of  protoxkle  mercury  208 
Ltto  sulphuric  acid     ...    40 

248 

alkalies  give  a  oiack  precipitate  of 
rotoxide  with  the  salt. 

^er-ndphaJte  of  Mercury, — 296.  .";: 

(2  S.  80+1  M.  216.) 
BO  Iy  five  p«x\a  of  sulphuric  acid 


be  boiled  to  dryness  with  four  of  merw 
cury,  a  white  crystalline  mass  wiU  ba 
obtained,  which  is  the  per-sulphate  of 
mercury.  It  is  immediately  decomposed 
by  the  agency  of  water  into  a  solubla 
super-sulphate  and  an  insoluble  sub- 
sulphate  of  mercury,  so  that  it  cannot 
exist  in  solution.  The  sub-salt  thua 
precipitated  is  of  a  yellow  colour,  and 
was  fmnerly  known  in  medicine  by  the 
name  of  turpeth  mineral.  The  per* 
sulphate  of  mercury  is  composea  of 

1  equiv.  of  peroxide  mercuiy    216 
7  2  ditto  sulpnurie  add      •    .      80 

296 

It  is  this  salt  which  is  used  for  the  pre- 
paration of  the  bi-chloride  of  mercuij 
by  double  decomposition  with  commoft 
salt  or  muriate  of  soda  ((  205.). 

(4  419.)  Our  principal  reason  for  par- 
ticularly describing  this  salt  is  to  intro- 
duce the  remark,  that  the  quantity  of 
acid  which  the  oxides  of  the  same  metal 
require  for  saturation  b  generally  in  the 
same  proportion  as  the  quantity  of 
oxygen  contained  in  their  oxides.  Thus 
we  see  that  the  peroxule  of  mercury, 
which  contains  two  equivalents  of  ox|^ 
gen,  tikes  double  the  quantity  of  siu- 
phuric  acid  which  the  protoxide  requires 
which  only  contains  one  eqmvalent.  The 
observation,  though  not  quite  universal, 
may  be  useful.  We  have  already  seen 
one  exemplification  of  it  in  the  nitrate 
of  copper  ^(§  373.),  in  which  the  deut^ 
oxide  of  that  metal  is  combined  with  two 
proportions  of  the  nitric  acid,  and  more 
will  l)e  adduced  as  we  proceed.  An  ex- 
ception, however,  has  already  occurred 
in  the  per-nitrate  of  mercury  in  which 
two  equivalents  of  the  peroxide  are 
saturated  by  one  equivalent  of  the  acid. 

Persulphate  of  Copper, '—250, 
(2  S.  80+  1  C.  80  -f  10  W.  90.) 
($  420.)  Thb  persulphate  of  copper  haa 
lonff  been  known  in  commerce  by  the  name 
of  blue  vitriol.  It  forms  splencud  crystals 
of  a  fine  blue  colour,  which  contain  tea 
equivalents  of  water  of  crystallization :  it 
however  parts  with  this  water  by  exposure 
to  heat  and  becomes  white.  The  colour 
may  be  restored  by  the  addition  of  water. 
It  is  essentially  composed  of  two  equiva- 
lents of  sulphuric  acid  and  one  of  the  per* 
oxide  of  copper,  and  exemplifies  the  re- 
mark which  we  have  just  made  (4  4 1 9.). 
There  is  at  present  no  known  combina* 
tion  of  the  sulphuric  acid  with  the  nroU 
oxide  of  copier  \  to  ^Yi«a>Xa%  %KA%sil 
base  axe  digesft«d  Vosi^V^t«i£l<^X»S^  ^»^- 
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per  and  a  solution  of  the  peroxide  are  which  is  known  in  Ihe  arts  by  the 

obtained.  The  persulphate  may  be  pro-  of  colcothar.    It  is  used  as  a  paint,  waA 

duced  by  boiling  copper  filings  in  dihited  for  polishing  mirrors.    This  salt,  eithar 

Bulphuric  acid,  when  abundance  of  sul-  in  crystals  or  solution,  when  exposed  to 

phurous  acid  is  emitted :  or  the  peroxide  the  air,  l)ecomes  stained  with  an  o^redy 

of  copper  may  be  quietly  dissolved  in  colour  from  the  absorption  of  oxyim. 

the  same  acid.  It  is  manufiujtured  upon  A  sub-persulphate  is  thus  formed  wfakh 

a  large  scale  by  exposing  roasted  sul-  is  insoluble, 

phuret  of  copper  to  air  and  moisture,  'Persulphate  of  Iron,^lOO. 

from  which  both  the  sulphur  and  metal  "     (i  J  §.  60  +  1  I.  40.) 

abstract  oxygen.    This  salt  is  used  in  ^.  ^22.)  The  proto- sulphate  of  iron  k 

medicine,  and  w  the  source  from  which  ^r      ^  j^^^  p^r-sulph  Je  by  the  aefioa 

many  blue  and  green  paints  are  pre-  ^^  ^^^^^^^  ^^  ^j^^^  ^^^^    Th^ 

P55^\  When  an  dkali  is  cautiously  g^iphate  may  also  be  formed  directly  by 

added  to  a  solution  of  the  preceding  salt  tbe^iction  of  sulphuric  acid  upon  the 

m  quantity  not  sufficient  to  neutralize  ^^  ^^j^^  ^^  ^^^^  a^jj  j^^j   moistelied.   If 

the  acid,  a  sub-versulphate  is  precipi-  ^y^  ^j^  ^^^  concentrat^,  the  product 

tated  of  a  pale  blue  colour.    It  is  com-  ^yj  ^^  anhydrous  and  white,  but  wiQ 

r»sea  01                     ..     r              14! A  become  of  a  reddish-brown  when  dBf- 

eqmvalents  of  peroxide  of  copper  160  ^^^^^  j^  ^^^^^     j^  ^^^^^^  y^  „^  ^^ 

1         ditto           sulphuric  acid     .^  ciystaUize,  but   aflfords.   upon    evaoo- 

OQ0  ration,  a  brown  deliquescent  mass,  som- 
ble  in  alcohol.   Its  taste  is  highly  astrin- 

The  same  compound  is  also  formed  by  f|"eauivalenrof  sufuhuric  acid            fia 

the  addition  of  carbonate  of  lime,  when  }*  "^""'I^!^^  ""^  nerSe  of  iron  '    4tt 

carbonic  acid  is  given  off  with  effer-  *         ^"°        per-oxideof  iron  .    40 


vescence. 

.    An  excess  of  alkali  throws  down  from 
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the  solution  the  peroxide  of  copper  in       ^his  is  another  instance  of  the  acid  o! 

combmalion  with  water.  ^  ^^^  j,  .     j^  proportion  to  the  oxygen  of 

Protchsulphate  of  Iron, — 76.  the  base,  the  more  remarkable  on  account 

(1  S.  40  +  1  1.36.)  of  thehalfequivalentoftheoxide('j293.> 

..  ^^,  V   m  IX  \     e        J  1  requiring  an  additional  half  equivalent 

(}  421.)  This  salt  may  be  formed  by  ^^\^   ^^  ^    jt  saturation, 
acting  upon  metallic  iron  by  dilute  sul- 

ShurKJ  acid.  Water  is  decomposed  Sulphate  of  Potash.— SB, 
uring  the  process,  the  oxygen  of  which  (I  S.  40  +  1  P.  48.) 
passes  to  the  metal  to  constitute  the  (j  423.)  This  salt  may  readily  be  pre- 
salifiable  base,  and  the  hydrogen  is  given  pared  by  decomposing  carbonate  of 
off  with  effervescence  (}  40.).  It  is  potash  by  sulphuric'  acid.  It  is  pro- 
manufactured  on  the  large  scale  by  ex-  duced  on  a  large  scale  in  the  manu- 
posing  the  roasted  bisulphuret  of  iron,  facture  of  nitric  acid,  of  which  it  con- 
in  small  pieces,  to  the  combined  agency  stitutes  the  residue  ($  72.).  Its  taste  is 
of  air  and  moisture.  saline  and  bitter ;  it  crystallizes  in  six- 
It  forms  light  green  prismatic  crys-  sided  prisms,  which  contain  no  water  of 
tals,  which  contain  six  equivalents  of  crystallization,  and  suffer  no  chansre  by 
water.  They  are  soluble  in  twice  their  exposure  to  air.  It  is  not  very  soluble, 
weight  of  cold  water,  and  have  a  styptic,  and  requires  sixteen  times  its  weight  of 
ferruginous  taste.  They  are  neither  cold  water  and  five  of  boiling  water  for 
soluble  in  alcohol  nor  in  sulphuric  acid ;  its  solution.  It  decrepitates  at  a  red 
and,  if  the  latter  be  poured  into  a  strong  heat,  and  is  volatilized,  without  decom- 
solution  of  the  salt,  it  will  be  precipi-  position,  at  a  still  higher  temperature, 
tated,  in  an  anhydrous  state,  in  the  form  If  hydrogen  gas  he  passed  over  it  at  a 
of  a  white  powder.  red  heat  it  will  be  decomposed ;  the  ox}*- 
When  exposed  to  heat,  the  proto-sul-  gen  both  of  the  acid  and  base  will  be 
phate  of  iron  first  loses  its  water  of  abstracted,  and  sulphiiret  of  potassium 
crystallization,  and  becomes  of  a  dirty-  remain.  It  also  produces  sulphuret  of 
white  colour ;  and,  when  the  heat  is  con-  potassium  by  calcination,  at  a  high  heat, 
tinned  to  redness,  it  is  decomposed.  The  with  one-fifth  of  its  weight  of  charcoal, 
protoxide  is  converted  into  peroxide,  and  When  two  parts  of  this  salt  and  one  of 
remains  in  the  form  of  a  red  powder,  lamp-black  are  heated  to  redness  in  a 
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nhial  coated  with  clay,  and  the  air  care-  ter,  gypsum,  and  plaster-stone.  It  may 
raly  excluded  durin£[  the  process,  a  easily  be  formed  by  art,  and  obtained 
powder  is  obtained  which  takes  fire  upon  in  silky  crystals,  which  require  433 
exposure  to  the  air ;  a  phenomenon  parts  of  water  for  their  solution.  At  a 
owing  to  the  heat  evolved  by  the  rapid  dull  red  heat,  all  the  varieties  lose  their 
absoiption  of  oxygen  and  the  consequent  two  equivalents  of  water,  and  fall  into  a 
Ignition  of  the  sulphur  and  charcoaL  white  powder,  which  is  called  plaster  of 
»•  »  r  ^  ^  n  ^  r  ,««  Paris.  It  again  rapidly  absorbs  water 
Btsulphate  o/Fot^h.-^UB,  ^hen  presented  to  it,  and  returns  to  its 
(2  S.  80  +  1  y.  48.)  former  chemical  composition,  setting 
($  424.)  By  pouring  sulphuric  acid  info  into  a  firm  and  durable  ma.ss.  The  wa- 
ft hot  solution  of  sulphate  of  potash,  ters  of  springs,  which  are  commonly 
the  base  will  combine  with  a  second  designated  as  hard,  owe  their  unfitness 
equivalent  of  the  acid.  Tlie  bisulphate  for  domestic  purposes  chiefly  to  this 
may  be  obtained  in  prismatic  crystals  salt  in  solution.  It  is  insoluble  in  alco- 
or  in  the  form  of  delicate  needles.  Its  hoi  or  the  acids.  At  a  white  heat  it 
taste  is  acid,  and  it  is  much  more  solu-  may  be  melted  into  a  species  of  white 
ble  and  fusible  than  the  foregoing  com-  enamel 

pound.    Alcohol  throws  down  from  its        The  well-known  uses  of  this  salt  in 

aqueous  solution  the  neutral  sulphate  of  the  arts  are  various.    It  is  employed  as 

potash.  It  is  sometimes  used  for  cleans-  the  basis  of  various  cements  andfstuc- 

ing  works  in  brass.  coes,  and  when  worked  up  with  a  pro- 

^  -  cr  .  portion  of  gelatine  or  animal  glue,  is 

Sulphate  of  Swia,— 72.  used  for  the  imitation  of  various  marbles 

(1  S.40  +  1  So.  32.)  and  porphjTies  of  the  utmost  beauty  in 

($  425.)  The  sulphate  of  soda  may  be  our  buildings.     It  is  used  for  mouldings, 

formed  by  the  direct  combination  of  the  and  for  taking  casts  of  the  greatest  de- 

•cid  and  base,  but  is  abundantly  pro-  licacy ;  and  is  also  of  service  as  a  ma- 

duced  in  the  manufacture  of  muriatic  nure  on  particular  kinds  of  soils,  and 

acid  bv  the  decomposition  of  common  for  particular  crops. 
•alt  (}  86.).      It  crystallizes,  from  its  o  f  «.  ^     ^  « 

aaneous  solution,  in  four-sided  prisms,  Su/phate of  BarytcL-'nB. 

wnich  contain  ten  equivalents  of  water  (1  S.  40+1  B.  78.) 

of  crystallization.      Of  these  it  parts 

with  a  very  large  proportion  by  efflo-  (}  427.)  The  sulphate  of  baryta  is  also 
rescence  in  a  dry  atmosphere. '  Its  taste  an  abundant  natural  product,  and  is 
is  saline  and  bitter,  and  it  has  been  long  easily  formed  artificially  by  double  de- 
known  in  medicine  by  the  name  of  composition  of  the  soluble  salts  of  the 
OloMtber's  Salt.  It  is  very  soluble  in  same  base.  If  sulphuric  acid  be  poured 
water,  but  presents  a  very  singular  irre-  upon  pure  baryta,  the  heat  produced  is 
l^ularity  in  this  respect.  Its  solubility  so  great  as  to  cause  ignition.  It  is  per- 
increases  to  a  certain  point,  and  then  fectly  insoluble  in  water,  alcohd,  or 
diminishes.  It  increases  to  92°.  which  any  acid.  It  is  in  natural  crystals,  but 
IS  the  maximum  point,  and  decreases  to  can  only  be  produced  by  art  in  the  form 
215®.  It  is  insoluble  in  alcohol.  It  may  of  a  ponderous  white  powder.  At  a  high 
be  deprived  of  its  water  of  crystallization  temperature  it  fuses  into  an  opaque 
by  heat,  and  then  resists  further  decom-  ^^hite  enamel,  and  has  been  employed  in 
position.  The  taste  of  the  anhydrous  salt  the  manufacture  of  a  particular  kind  of 
IS  acrid  and  hot,  and  it. absorbs  moisture  fine  earthen  ware.  It  is  also  used  as  a 
with  j;reat  avidity.  It  may  be  made,  con-  pigment,  under  the  name  of  permanent 
aecutively  to  undergo  l)Oth  the  aqueous  urhite, 

and  igneous  fusion.  The  sulphate  of  baryta  may  be  con- 

A  bisulphate  of  soda  may  he  formed  verted  into  a  sulphuret  by  calcination 

by  a  similar  process  to  that  by  which  with  charcoaL 

the  analogous  salt  of  potash  is  pro-        The  extreme  insolubility  of  this  salt 

dooed.  renders  the  soluble  salts  of  baryta  most 

o  1  r  *     ^T'^       «^  delicate  tests  of  the  presence  of  sulphuric 

Sulphate  of  itrnft— 86.  ^^id  (}  4 1 5.) ;  and  it  has  been  calculated 

(I  S.  40  +  1  L.  28+2  W.  18.)  that  the  millionth  part  of  any  sulphate 

H  426.)   Thx  sulphate  of  lime  is  an  in  solution  may  be  detected  by  this 

abundant  product   of   nature,  and   is  means,  by  the  formation  of  a  distinct 

kaoimlif  the  names  of  se]enite»  alabas-  white  eloud 
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r  SvlphaU of  aft^«ia.-60.3  ynO. befomied, which  » tteddjAlMA 

(J  428.)  Thk'  sulphate  of  magnesia  haa  3  equivaleiits  of  sulphate  1 ,  y^  ^*  4«*  % 

long  been  known  by.^^he  name  of  £p*om  ofalumine      .     .     .     j        ^*       "* 

ndU:  it  being  a  principal  ingredient  in  j        ditto         sulphata  \  g^  /A4o«  1 

the  saline  springs  of  that  town,  as  well  ©f  potash  .     .     .     .     i        ^        ' 

as  of  those  of  other  places.    It  is  now  25        ditto         water         225 

commonly  obtained  from  the  residue  of  — — 

sea-water,  after  common  salt  has  been  487 

separated  from  it  by  evaporation.  When  — 

strong  sulphuric  acid  is  poured  upon  jt  possesses  a  well   known    sweetish 

magnesia,  intense  heat   is  excited  by  astnngent  taste,  reddens  Tegetable  MiM% 

their  mutual  action,  and  sometimes  ig-  and  is  soluble  in  5  parts  of  water  rt 

nition.    It  may  be  obtained  in  four-sided  60°  F.     It  crystallises  in  very  — "^ 

prisipalic  crystals,  which  contain  seven  octohedral  forms.    When  it  is  , 

iuivalents  of  water,  which  may  be  ex-    to  heat,  it  loses  the  whole  of  its . 

aled  by  a  red  heat,  without  any  fur-  ^nd  part  of  the  acid  is  decomposed:  i 

er  decomposition.    The  taste  of  this  becomes  vary  light  and  spongy,  mad  il 

salt  is  slightly  bitter,  and  it  is  largely  known  by  the  name  of  burnt   al — 

used  in  medicine.    It  may  be  made  to  "i^hen  alum  is  strongly  heated  with 

undei^o  lx)th  the  aqueous  and  igneous  nutely  divided  charcoal,  a  venr  ffwni  . 

fosion.    It  is  soluble  in  its  own  weight  able  product  is  obtained,  whieh'has  loQg 

of  water  at  60°,  and  in  three-fourths  of  been  known  by  the  name  of  Hombergt 

its  weight  212''.    When  calcined  with  Pyrophorus.    The  process  isliest  ooi^ 

Charcot  it  does  not  afford  a  sulphuret  ducted  by  mixing  equal  parts  of  fioorst 

like  the  other  salU  of  this  class  which  ,ugar  with  the  powdered  salt  in  an  irai 

we  have  described,  but  magnesia  and  ladle,  melting  tne  mixture  over  a  ftn^ 

sulphur  are  the  products.  and  stirring  it  till  diy.    The  mate  AtfM 

c.,;*.*^/^ /»/•>« ;o*».«^—«iR  t)e  reduced  to  powder,  and  inttodaeei 

Suiphate  ^{f  f  »^wf-58.  ,^^^  ^     .^^  ^^Q  with  clay,  and  plaoel 

(1  S.  40  +  1  A.  18.)  In  a  crucible  of  sand.    It  shovOd  thn 

(§  429.)  The  sulphate  of  alumine  may  be  heated  red  till  a  V)lue  flame  mkmub 

be  obtained  by  Itie  direct  combination  at  the  opening  of  the  phial,  which  nuMf 

of  sulphuric  acid,  diluted  with  an  equal  be  allowed  to  bum  for  about  five  wt 

bulk  of  water,  and  pure  alumine.    It  is  nutes,  when  it  must  be  removed  fiNM 

a  salt  of  little  importance,  and  assumes  the  fire,  and  the  bottle  carefully  stopped 

the  form  of  lamellar   crystals,  with  a  When  a  Uttle  of  this  powd«r  is  ezpoesd 

pearly  appearance,  which  contain  a  con-  to  the  air  it  spontaneously  inflames.    la 

siderable  proportion  of  water  of  crystal-  this  decomposition  a  sulphurs  of  pota» 

lization.     Its   taste   is  astringent  and  slum  is  formed  by  the  deoxidation  of 

sweet;    it  is  taken  up  by  double  its  the  sulphuric  acid  and  potash.    Thesi^ 

weight  of  water  at  ordinary  tempera-  phate  of  alumine  is  also  deconaposed^ 

tures,  and  at  a  white  heat  it  is  com-  but  the  alumine  having  no  aflfinityte 

pletely  decomposed.  tiie  sulphur,  the  latter  remains  in  exccsib 

J,  and  bums  away  when  the  sulphuret  ci 

'^*^^'  potassium  is   ignited  by  the  moistun 

i§  430.)  Tbx  sulphate  of  alumine,  which  which  it  absorbs  from  the  air. 
we  have  described  above,  is  capable  of       An  idum  is  also  produced  by  the  sub* 

combining  with  several  other  salts  to  stitution  of  sulphate  of  soda  for  the  siA- 

form  a  class  of  double  salts  ($  394.),  to  phate  of  potash.    It  is  an  effloresoeat 

which  the  general  name  of  ahtm  has  salt,  and  appears  to  contain  more  vrtAm 

been  given.     Many  of  the  other  sul-  of  crystalhzation  than  the  preoedinff; 

phates  are    also    capable   of  forming  sulphate  of  ammonia  may,  likewise,  tals 

double  salts,  but  we  nave  passed  them  the  place  of  the  salts  of  fixed  alkalies.  It 

by  as  possessing  little  interest.    Aluni,  crystallizes  exactly  in  the  same  forDi» 

on  the  contrary,  is  a  product  of  consi-  but  it  is  entirely  decomposed  by  heat 

derable  commercial  value,  and  much  Oxygen,  sulphurous  acid,  and  ammonia, 

used  in  the  arts.  are  produced,  and  pure  alumine  remains 

Upon  pouring  into  a  concentrated  so-  belimd. 
lution  of  sulphate  of  alumine  a  strong  so-        Alum  is  of  extensive  use  in  dyeing  and 

lution  of  sulphate  of  potash,  a  precipitate  ealioo  ptinting,  in  consequenoe  <^  tfas 
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attraction  of  its  bate  for  colouring  mat-  The  cry^ttals  are  soluble  in  water,  but 

lers.  not  in  alcohol :  they  consist  of 

It  is  prepared  on  a  lar^  scale  by  i     l  equivalent  of  lime  ....    28 ' 
Toasting  and  lixiviating  certain  schists  or        2  do.  hypo-sidphurous  acid   .    48 

clavs  which  contain  pj^tes  or  sulphuret         6  do.  water 54 

of  iron.    To  the  lixivia  a  proper  proper-  

tion  of  sulphate  of  potash  is  added,  and  130 

the  double  salt  is  obtained  by  evaporation  

and  crystallisation.  -  Hypo^mlphUe  of  Baryta. 

Thb  Hypo-sulphitm.  (i  434.)  Thb  hypo-sulphite  of  baiyta  is 

av  «rr    ^  A  A  J  *»  ,^^v  XI-  X  tnrown  down  on  pouring  muriate  of 

431.)  Wb  have  stated  (}  120.)  that  baryta  into  a  strong  solution  of  hypo- 

e  byDO-sulphurous  acid  cannot  be  se-  sulphite  of  lime :  it  is  in  the  form  of  a 

parated  from  the  bases  with  which  it  is  vrhite  powder,  which  is  soluble,  without 

combined,  without  undergoing  decompo-  decomposition,  in  muriatic  acid :  and  at 

tttion ;  this  class  of  salts  is,  neverthe-  a  low  heat  takes  fire. 
less,  of  constant  composition  and  well 

dharacterised.    They  are  nearly  all  solu-  Hypo-nilphite  of  Silver. 

ble,  but  a  few  of  them  sparingly  so.  They  ($435.)    This    salt    is  composed  [bjr 

have  a  sulphurous  taste.  Th^  are  more  dropping  a  weak  solution  of  nitrate  di 

easily  decomposed  by  heat  than  even  silver  into  a  dilute  solution  of  hypOi> 

the  sulphites ;  a  sulphate  is  produced  sulphite  of  soda  (which  may  be  formed^ 

and  the  excess  of  sulphur  separated,  by  an  analogous  process  to  the  hyp»- 

They  are  not  changed  by  contact  with  sulphite  of  potash).     It  forms  a  grey 

flie  air  at  common  temperatures.   When  precipitate,  and  the  supernatant  liquid 

a  stronger  aeid  is  poured  into  the  sokir  tastes  intensely  sweet;  which  is  the  mose 

tioB  of  a  hvpo-sulphite,  the  liquid  does  remarkable,  as  both  the  original  salti 

Mot  at  first  become  troul>led,  but  after  a  are  nauseously  bitter.    Hence  we  may 

Sttie  time  sulphur  precipitates :  the  hjrpcK  argue — *'  how  little  we  know  of  the  way 

iolplnurous  add  is  diseneagcd,  but  at  in  which  bodies  aifect  the  organs  of 

the  same  moment  is  resolved  into  sul-  taste.     Sweetness  and  bitterness,  like 

phorous  acid  and  sulphur.    There  are  acidity,  seem  to  depend  upon  no  parti- 

Bearly  as  many  hypo- sulphites  as  Uiere  cular  principle,  but  to  be  regulated  by  the 

are  bases ;  but  th^  are  of  little  inte-  state  of  combination  in  which  the  same 

rest  and  have  not  been  aiq;)lied  to  any  principles  exist  at  different  times.** 
^ne.  Hypo-sulphite  of  silver  is  adso  pro- 

ry  f  v'M     -*  n  4    i  duced  whenever  the  chloride  of  silver  is 

Hypo-^iOphtte  ofPota$h.  lakcn  up  by  a  solution  of  any  of  the 

<}  43«.)  Thb  hypo-sulphite  of  potash  hypo-sulphites,  a  solution  which  most  of 

may  be  formed,  by  decomposing  hydro-  ***«™ .  ^f,  capable  of   efiecting.     The 

•ulphuret  of  potash  (a  salt  presenfly  to  conabmaUon  is  at  aU  times  characterized 

be  described),  by  sulphurous  acid  and  ^  its  necuhar  sweet  taste,  which  is  en* 

eraporathiffthesokitton.    Acicularcrys-  turdy  free  from  any  metallic  flavour.  | 
tals  may  thus  Im  obtained  of  a  cooling,  Thb  Hypg-sulphatss. 

but  bitter  taste,  which  attract  moisture  ( j  435 )  t^b  hypo-sulphates  may  easily 

from  the  Mr.  If  its  solution  be  <»refully  5^  recognised  by  pouring  upon  them 

evaporaled  to  dryness,  wid  the  heat  strong  sulphuric  acid:  the  hypo-sulphuric 

vr  '^^  ^  "^  *"*'  *     — *  acid  (J  121.)  is  thus  disengaged  and  de- 

jmrobke  tmdcr.    By  exposure  to  air  it  composed  by  the  heat  evolved  with  czp 

fintbec<«n«convCTted  into  sidplute  and  trication  of  iulphurous  acid.    They  are 

aftenrards  into  sulphate  of  potash.    Its  „ot  affected  by  exposure  to  the  aiz. 

solution  readily  dissolves  moist  chloride  ^^en  strongly  heated  with  combustible 

of  surer.  bodies,  they  afford  the  same  products  as 

Hypo^phite  qf  Ume.  the  sulphates.    No  precipitate  is  formed 

^i"       r       ^  when  solutions  of  any  of  the  salts  of  barjrta 

a  433.)  Thb  hypo-sulphite  of  lime  may  are  added  to  them ;  as  the  hypo-sulphate 

procured  by  passing  sulphurous  acid  of  baryta,  unlike  the  sulphate,  is  a  solu- 

tbrough  an  a^eous  solution  of  sulphu-  ble  salt 
ret  of  lime.     J3y  filtration  and  evapora-  .,  >  l  ^     ^  ir 

tkm.  at  atempsi4ture  not  exceeding  140^  Hypo-stdphate  of  Manganese. 

F.,  it  m^f  be  obtained  in  crystals.    It  is  ($  437.)    Wb  have  stated  in  another 

dccompoaed  by  a  temperature  of  212^  F.  place  ($  121.),  that  by  passing  sulphu- 
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rous  acid  through  water  in  which  finely- 
pounded  peroxide  of  manganese  is  sus« 
pended,  the  peroxide  yields  part  of  its 
oxy^n  to  the  acid,  and  converts  one 

Eortion  into  sulphuric  and  another  into 
ypo- sulphuric  acid.  Sulphate  and 
hypo-sulphate  of  manganese  are  both 
produced ;  and  by  pouring  lime  into  the 
mixed  solution,  the  oxide  of  manganese 
is  thrown  down  with  an  insoluble  sul- 
phate of  lime,  while  a  soluble  hypo- 
sulphate  of  lime  is  left  in  solution. 
•  The  solution  of  hypo-sulphate  of  man- 
ganese affords  a  deliquescent  salt  by 
^aporation. 


substances,  but  are  in  their  turn 
posed  b}r  chlorine,  bromine,  and  iodine, 
all  of  which  have  a  greater  affinity  to  the 
bases  than  sulphur.  The  solutions  of 
the  hydro- sulphurets  are  all  nearly  co- 
lourless, but  by  exposure  to  air  thef 
absorb  oxygen ;  part  of  the  hydrogen  is 
detached  from  tne  acid,  which  is  thui 
converted  into  bi-sulphuretted  hydrogen, 
the  combinations  of  which  are  of  a  yd* 
low  colour. 

The  insoluble  sulphurets  may  be  xe- 
cognised  by  treating  them  with  dilated 
nitric,  or  weak  nitro-muriatic  acid,  when 
sulphur  will  be  precipitated. 


Hy^-^phate  of  Baryta.  Sul^haret  of  Potassium,  or  Hydro^ 

§438.)    The  hypo-sulphates  of  baryta,  phuret  of  Potash,  hnd  SuliAureU  ^ 

potash,  soda,  8cc.,  may  easily  be  obtained  the  other  Alkaline  Metals, 

from  the  hypo-sulphate  of  lime  above  .-^.^^  „,        ^^      .      .    ^      . 

described;  as  all  these  substances  pre-  (§440.)  When 40 parts  of potassiuniaie 

dpitate  the  lime.    The  hypo-sulphate  of  Jf^ated  with  16  of  sulphur,  m  a  tube 

baryta  is  a  brilliant  salt,  and  crystallizes  i^^^  ^J^^^"  ^^e  atmospheric  air   has 

easily.    It  is  composed  of  1  equivalent  "«f "  exhausted,  they  act  very  energeti- 

of  acid  and  I  of  base,  and  when  in  crys-  ^"y  "PO"  f^ch  other,  with  the  extrica- 

tals  contains  8  equivalents  of  water.    It  !*0"  ®^  ™^c"  ^>g^^  a"^  ^«at '  t^«  ««tttt- 

is  readily  soluble.    It  is  from  this  salt  *"^  compound,  sulphuret  of  potassium, 

thatthepurehypo-sulphuricacid«121.)  w of  a  brownish  wey  colour.    Thesame 

is  produced,  and  the  process  will  now  be  conapound  may  be  obtained  on  a  large 

readily  understood.     Sulphuric  acid  is  ^^^  by  passing  hydrogen  through  a 

carefiiUy  dropped  into  its  solution,  in  ^dhot  tube  contammg. sulphate  of  pot- 

auantity  just  sufficient  to  precipitate  all  ash.     The    hydrogen  unites  with  the 

le  baryta,  and  the  hypo-sulphuric  acid  oxygen  both  of  the  acid  and  thebase ; 

remains  in  the  liquid.    The  acid  is  de-  water  is  formed,  and  the  sulphur  left  in 

composed  by  a  heat  below  that  of  boiling  combination  with  the  metal    It  is  deli- 

quescent,  and  not  very  inflammable. 

It  residily  dissolves  in  water,  and 
affords  a  colourless  solution.  A  simi- 
lar solution  is  obtained  by  passing  sul- 

(}  439.)  Sulphur,  we  have  seen  (§122.)»  phuretted  hydrogen  into  a  solution  of 

is  capable  of  acidification  by  its  union  jiotash  in  water.    If  the  process  be  con- 

with  hydrogen  as  well  as  with  oxygen ;  tinued  to  saturation,  a  6i-hydro-sulphuret 

and  it  is  again,  with  reference  to  our  will  be  produced,  which  may  be  restored 

general  remarks  upon  the  hydro-acids  to  the  neutral  state  by  the  addition  of  a 

(}  362.),  that  we  shall  proceed  to  charac-  quantity  of  potash  equal  to  that  origi- 

terize  the  combinations  which  this  acid  nally  employed.      Hydro- sulphuret  of 

forms  with  the  several  bases.  potash  may  therefore  be  regarded  as 

When  the  sulphurets  are  soluble  in  sulphuret  of  potassium  in  solution. 


water. 

The  Hydro-sulphurkts,  or  Sul- 
phurets. 


Sulphuret  of  potassium  is  composed  of 
1  ec[uivalent  of  sulphur    ,     16 
1  ditto  potassium    .    .    4    40 


water,  (in  which  case  they  are  commonly 
designated  as  hydro-sulphurels,  and  are 
considered  as  combinations  of  sulphuret- 
ted hydrogen  with  the  oxides,)  tney  are 
decomposed  by  the  acids,  and  give  rise  56 

to  a  disen/jagement  of  sulphuretted  hy-  

drogen.    They  precipitate  all  metallic    Hydro-sulphuretofpotash  is  composed  of 


1  equivalent  of  sulphuretted  hydrogen  =  17  ={!  u"^?*^"*^      I  ^^ 
Idittopotash       ...  =48=|J«?y^":    8/^'^*"  =  ' 
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Bi-Hydro-Sulphuret  of  Potash,  the  alkaline  hydro-sulphurets  to  solu- 

_      ^    ,         ,  ,       ,    ,         ,  tions  of  the  proto-salts  of  iron. 

<J  44 1.)  The  hydro- sulphuret  above  de-  The  bi-sulphuret  (§  297.)  may  be  pro- 

scribed   is  not  susceptible  of  crystalh-  cured  by  passing  a  current  of  sulphuret- 

lation,  but  when  sulphuretted  hydrogen  ted  hydrogen  over  peroxide  of  iron  at  a 

IS  passed  into  solution  of  potash  to  satu-  temperature  just  below   redness.     In 

ration,  crystals  may  be  obtained  of  the  general  most  of  the  solutions  of  the non. 

form  of  six-sided  pnsms,  which  are  de-  alkaline  metals  form  precipitates  with 

liquescent  and  soluble  both  m  water  and  sulphuretted  hydrogen  or  the  hydro-sul- 

alcohoL    This  bi-sulphuret  has  an  alka-  phuretted  alkalies,  and  when  the  metal 

bne  bitter  taste,  and  notwithstanding  its  |[g  susceptible  of  two  degrees  of  oxidation 

being  a  W-salt  changes  yellow  vegetable  sulphurets  of  both  may  be  obtained  pro- 

colours  to  red.                            ,        . ,  portional  to  the  degree  of  oxidation,  as 

(§442.)   Analogous  compounds,  with  the  oxygen  decomposes  a  quantity  of 

sulphur  and  sulphuretted  hvdrogcn.  may  sulphuretted  hydrogen  equivalent  to  its 

be  formed  with  the  other  alkaline  metals  own  amount.     These  precipitates  are 

and  their  oxides,  but  their  individual  de-  distinguished  by  various  colours.    After 

scription  need  not  detain  us.    They  may  they  have  been  dried  at  common  tem- 

all  be  prepared  by  passing  an  excess  of  peratures,  they  give  off  water  by  heat, 

sulphuretted  hydrogen  gas  through  these  and  they  may  be  considered  as  hydrated 

bases  dissolved  or  diffused  in  water.  sulphurets  of  the  metals  or  hydro-sul- 
phurets of  the  oxides. 

Sulphured  of  Iron    and  other  Non-  The  following  Table  exhibits  the  co- 

Alkaline  Metals,  lours  of  some  of  the  precipitates  of  the 

metals  as  produced  by  hydro-sulphuretted 

($443.)   The  prolo-sulphuret  of  iron  hydrogen  and  hydro-sulphuret  of  ammo- 

<^  296.)  is  precipitated  by  adding  any  of  nia  ({  193.). 


Table  V. 

Metal. 

SolaUoD. 

Sulp.  Hydrogen. 

Hyd.  Sol.  Amm. 

Mercury 

Acid  Nitrate 

Black 

Black 

Do... 

Pernitrate  .. 
Corrosive  Sub-l 
limate j 

Do 

Do. 

Do 

Brown 

Do. 

Silver 

Nitrate • . . 

Black 

Brown 

Gold 

Muriate 

Muriate 

Do. 

Yellow 

Platinum 

Deep  Brown  . . 

Pale  Brown 

Nickel 

Sulphate 

Black 

Lead 

Muriate  &  Nitrate 

Black 

Brown  &  Black 

Copper 

Protomuriate  .... 

Deep  Brown  . . 

Brown 

Do 

Pernitrate 

J  Tartrate  of  Bis-  \ 
jmuth  &  Potash! 

Black 

Deep  Brown  . . 

Brown  &  Black 

Bismuth 

Deep  Brown 

Titanium 

Acid  Muriate  .... 

Black 

Do 

Neutral  Sulphate. 

Green 

Cobalt 

Muriate.. . .- 

Copious  Black 

Uranium 

Sulphate 

Brown 

Blackish  Brown 

Antimony  .... 

Tartrate  of  ScPotash 

Orange  Red  . . 

Bright  Orange 

Chromium.. . . 

Muriate 

Green^ 

Arsenic 

• 

Yellow 

Yellow 

Tin 

Acid  Protomuriate 

Brown 

Orange 

Iron 

Protosulphate. . . . 

Black 

Da 

Permuriate 

Black 

Do. 

Zinc 

Muriate 

Muriate 

Yellow 

Straw-coloured 

Cadmium  .... 

Yellow 

Manganese  ... 

Protomuriate  .... 

Ochre  Yellow. 

The  colour  of  these  precipitates  is  often  employed  to  distinguish  the  various 

metals  in  solution. 
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Thb'Sulphuiietted  Hydrmul-  fected  by  solphiMUi^.    Dtttdeina. 

PHURBTS.  natic  and  sulphunc  acids  produee  m 

.....  V  -nr  1.         w      '  J  ye  «««  x  au  t  t^^i  a  depofttioo  of  sulphur  and  efo» 

«  444.)  We  have  observed  ($  339.)  that  i^^ion   of   sulphuretted  >drog«i  gai. 

the  colourless  hydro-sulphurets  are  de-  yf^^^  ^^^  wlutions  are  poSed  mto 

composed  by  exposure  to  air,  the  oxy-  solutions  of  the  non-alkaline   mfMM. 

gen  of  which  abstracts  part  of  their  ^Iphuretted  hydrogen  is  given  off,  aod 

hydrogen    and  leaves  the  bases  com-  ^^^^^  sulphurets  are  pr«^itated. 
bined    with   bi-sulphuretted    hydrogen         JT  .  .  .  ^  ^         .  . 

(J  124.).  and  of  a  yellow  colour.  These         Sulphuretted  Hydro-iulphMirei  <^ 
compounds  may  be  disting^shed  by  the  Potash. 

name  of  sulphuretted  hydro-sulphurets,  (}  445.)   If  40  parts  of  potassium  be 

as  the  title  of  bi-hydro-sulphurets  would  heated,  out  of  the  contact  of  air.  with 

confound  them  with  the  combinations  of  32  parts  of  sulphur — instead  of  16,  as 

two  equivalents  of  sulphuretted  hydro*  directed  above  ($  440.) — a  brown  iudble 

sen  (^441.).    They  may  be  prepared  by  substance  will  be  obtained,  permaMil 

dkesting  sulphur  in  solutions  of   the  at  a  red  heat.    This  bisulphiunet  <tf  p^ 

alKaline   hydro-sulphurets.     They  are  tassium  is  converted,  by  the*  actiim  of 

also  formed  when  alkalies,  or  the  alka-  water,  into  a  solution  of  sidphumttMl 

line  earths,  are  boiled  with  sulphur  and  hydro-sulphuret  of  potash, 
water ;  but  in  this  case  they  are  mixed        The  bi«sulphuret  of  potassiuni  is  eoa^ 

with  other  salts,  the  oxygen  of  part  of  posed  of 

the  base  acidifying  a  portion  of  the  sul-        2  equivalents  of  sulphur     .     «    32 
phur  and  uniting^  with  another  part.  1         ditto  potassiom      •    40 

The  salts  of  bi-sulphuretted  nydrogen  — - 

absorb  oxygen  rapidly  from  the  air,  and  72 

are  gradually  converted  into  hypo-sul-  .i— 

phites,  a  change  which  is  at  once  ef-  The  sulphuretted  hydro-sulphuret  of 

1  equivalent  of  bi-sulphuretted  hydrogen  33  =  {^  hy^l^gL   ^l\ 

ditto  -       potash  «  =  l}jo*a^i^*'^'* 

81  81 

The  aqueous  solution  is  of  a  yellow  co-  decomposition,  but  are  all  fusible  at  a 
lour ;  and  when  diluted  acids  are  added  high  temperature.  The  neutral  phos- 
to  it,  sulphuretted  hydrogen  is  given  off,  phates  of  potash,  soda,  and  ammoDia, 
and  sulphur  precipitated  ($  446.).  These  are  abundantly  soluble  in  water,  but  'all 
compounds  are  capable  of  taking  up  the  others  very  sparingly ;  they  are,  how- 
additional,  but  variable  proportions  of  ever,  without  exception,  taken  up  with- 
sulphur ;  but  it  is  uncertain  whether  out  effervescence  by  excess  of  phospho- 
any  definite  compounds  are  produced,  ric  or  nitric  acids,  from  which  they  are 
except  such  as  are  analogous  to  those  again  precipitated,  without  change,  by 
which  we  have  already  noticed.             ,  ammonia. 

When  lime-water  is   added   to   any 

Chapter  XIX.  soluble  phosphate,  a  gelatinous  white 

On  the  Phosphates^Phf^sphttes^-and  ?3i'^J!  -♦T'^'  "^^""^  "^^""^  "* 

-  Hvno^hosnhite/  '  ^^^^^^^  *  precipitation  of  alumine. 

.  Hypo^nospfiites.  r^.^^  ^^^^^  pliosphate  of  lead  is  inso- 

(§  447.)  The  salts  formed  by  the  phos-  luble  in  water,  but  soluble  in    adds. 

phoricacid(}134.)maybedistinguished  When  fused  before  the  blowpipe,    (a 

from  those  of  the  volatile  acids  by  pour-  metallic  tube  with  a  lateral  jet,  by  which 

ing  upon  them  sulphuric  acid,  when  no  a  stream  of  air  from  the  mouth  can  be 

gaseous  product  will  be  given  off;  and  directed  upon  the  flame  of  a  candle  in 

the  only  salts  of  fixed  acids  with  which  such  a  manner  as  to  concentrate  its 

they  are  liable  to  be  confounded  are  the  force  upon    minute    particles    of   any 

sulphates,  borates,  and  arseniates,  each  matter  which  it  may  be  wished  to  expose 

of  which  may  be  identified  by  very  dis-  to  an  intense  heat.)  it  fuses,  and,  when 

tinct  characters.    The  phosphates,  with  suffered  to  cool,  sets  into  a  very  distinct 

fixed  bases,  sustain  a  red  heat  without  polyhedral  form ;  and  at  the  same  in- 
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itent  becoBUflf  ineandeteent.    This  Teiy  of  lime,  eomposed  of  1  equivalent  of 

nmarkable  character  may  be  generally  acid,  1  of  base,  and  2  of  water.    It  is 

•pplied  to  distinguish  the  phosphates,  precipitated  in  the  form  of  small  erys- 

If  the  salt  riiould  be  soluble,  a  solution  tals,  attached  together  by  their  extre- 

of  any  salt  of  lead  will  precipitate  the  mities  in  a  divergent  form, 

insoluble  phosphate  of  that  metal ;  and,  If,  on  the  other  hand,  muriate  of  lime 

if  insoluble,  the  salt  of  lead  may  be  be  verv  gradually  added  to  phosphate  of 

added  to  it  with  excess  of  any  acid,  as  soda,  leaving  the  latter  in  excess,  a  venr 

the  nitric,  when  the  precipitate  may  be  different  precipitate  will  be   obtained^ 

treated  as  above.  consisting  of   sub-phosphate  of  lime, 

:  corresponding  in  composition  to  the  re- 

Photphate  qf  Soda. — 60.            j  sidue  of  calcmed  bones  ($  130.).    A  bi- 

(l  P.  28  +  1  S.  32.)  phosphate  of  lime  may  also  be  formed  by 

saturating  the  neutral  phosphate  with 

(}  448.)  The  phosphate  of  soda  may  be  phosphonc  acid.    The  solution  by  spon- 

directly  prepared  by  neutralizing  phos-  taneous  evaporation  crystallizes  m  the 

phoric  acid  with  soda :  a  slight  excess  form  of  small  pearly  plates. 

of  the  alkali  should  be  allowed  to  pre-  All  the  phosphates  of  lime  are  decom- 

dominate.    The  salt  forms  in  rhomboidal  posed  by  sulphuric  acid,  which  forms 

crystals,  which  contain  twelve  equiva-  sulphate  of  lime,  and  disengages   the 

lents  of  water.    Its  taste  is  cool,  saline,  phosphoric  acid, 
and  devoid  of  bitterness,  and  on  this 

account  is  often  employed  in  medicine  Phosphate  of  Lead, — 140. 
instead  of  sulphate  of  magnesia.    When  ^1  P.  28  -f- 1  L.  112.) 
exposed  to  the  air  it  effloresces;  but  '           ,              ' 
although  the  crystals  on  this  account  »  ^i^->  P?  phosphate  of  lead  cannot 
becomi  opaque,  they  do  not  part  with  ?>«  ^^}y  J>«™«d  ?J>  account  of  the 
the  whole  6f  their  water.    At  a  high  mwlubdity,  both  of  the  base  and  its  re- 
temperature,  however,  the  whole  may  be  ^^^^S  combination  with  the  acid.  How- 
driven  off,  the  salt  first  undergoing  the  «J«' .  ™!*«^^!y.  **l«  former  may  be  me- 
aqueous,    and  afterwards  the  igneous  chamcally  divided,  the  action  can  o% 
^^QQ^  be  superficial.     It  may,  however,  be 
Phosphate  of  soda  is  manufactured  readily  produced  by  double  decomposi- 
i  «  i-JL.  ««-i-u„  .,^„».«i;^««  fKo  r.Vi«._  tion.    By  mixing  solutions  of  nitrate  of 


Abi-phosphate  of  soda  maybe  formed.  «>"I?1«  >«  nitnc  acid,  and  in  alkaline 

ConsistTng  of  two  equivalents  of  acid,  «>l?tion8.    It  readily  melts  by  the  appli- 

one  of  bie,  and  fou?  of  water,  which  f**l<>"  «/  ^^  *"d'  "I^^  ^l»"g'  «yf- 

eiystallizes  in  a  very  diferent  fom  from  ^^"^f  '^  «^ ,  """^u*!,^  TaTZ  '^l'' 

the  preceding  furnish  a  ready  method  of  detecting  the 

►    A'^double  phosphate  of  soda  and  am-  P!L?„".,"!flnhFi'«?t  «'!i?^  *"*  *°"" 

ammonia  and  its  water  at  a  h^h  tempe- 

ratore,  and  is  converted  into  the  very  Thb  Phosphites. 

fusible  bi-phosphate  of  soda.  ^j  451.)  Thb  salts  which  are  formed  by 

Phosphates  qfLime.  ^**«  phosphorous  acid  ($  132.)  have  the 

^         ^  same  general  characters  as  the  phos- 

(f  440.)  Thxrx  is  a  considerable  diffnv  phates ;  into  which  class  they  are  con- 

anoe  of  opinion  amongst  chemists  as  to  verted  by  the  application  of  heat.    They 

the  number  of  oombinations  which  the  are  of  very  little  importance :  three  only 

phosphorio  aeid  forms  with  lime.    B^  of  them  are  very  soluble ;  namely,  the 

poonng  phosphate  of  soda  into  mun-  phosphites   of  ammonia,   potash,  and 

ate  of  lime,  a  white  precipitate  is  ob-  soda.    They  may  be  formed  b^  ^o^tvei% 

^'    "*  wkieh  is  the  neatrai  phosphate  phospboroua  bc\qL\ti\o  a^>\NAQTA  ^\^^iiK^ 
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bases  lill  they  are  neutralized.  The  so- 
lution must  be  evaporated  till  it  attains 
the  temperature  of  about  120°,  when  a 
separation  will  take  place :  the  neutral 
salt  will  be  deposited,  and  a  salt  with 
excess  of  acid  remain  dissolved. 

The  Hypo-phosphites. 

(}  452.)  The  salts  of  the  hypo-phos- 
phorous acid  ($  135.)  are  analogous  to 
those  of  the  hypo-sulphurous  (§  436.), 
and  possess  but  little  interest.  They  are 
all  soluble  in  water.  When  heated,  they 
xive  ofF  phosphuretted  hydrogen  gas 
from  the  decomposition  of  the  water 
which  they  contain,  and  they  are  con- 
verted into  phosphates.  When  thrown 
upon  ignited  coals,  they  bum  with  a 
bright  yellow  flame.  Solutions  of  these 
salts,  exposed  to  the  atmosphere,  absorb 
oxygen,  and  are  converted  into  phos- 
phates. 


red  heat,  and  those  of  the  other 
are  decomposed  at  a  less  tempentiA 
They  are,  without  any  exception,  deoo» 
posed  by  a  high  heat  when  nuxed  wilk 
charcoal,  which  takes  half  the  ojjgm 
from  the  carbonic  acid,  and  procuioei 
carbonic  oxide. 

The3[  are  universally  decomposed  faj 
the  acids  with  strong  efTervescence  of 
carbonic  acid,  and  are  thus  easily  tecog- 
nised. 

AH  the  combinations  of  the  carbonic 
acid  with  potash,  soda,  and  ammonia» 
are  soluble  in  water ;  ttiose  of  lithia  but 
little  so;  and  those  of  the  other  basM 
are  insoluble :  an  excess  of  carbonic  mM 
in  solution  will,  however,  take  up  move 
or  less  of  nil  the  salts  of  this  dass.   ^ 

The  soluble  carbonates  are  but  little 
taken  up  by  alcohol. 

Carbonate  of  Potash, — 70, 
(I  C.  22-H  P.  48.) 


Hypo-phosphite  of  Baryta,  (}  455.)  This  salt  is  obtained  in  an  im 
rt  453.)  A  COMPOUND  of  barium  and  P^^  ^<^»*"^  ^y  hurning  vegetables,  which 
phosphorus,  or  Q.phosphuret  of  barium,  ^^  "^^  g^'^w  in  a  soil  impregnated  with 
may  be  formed  by  passing  the  vapour  of  ^ea  salt,  lixiviating  their  ashes,  and  e?i- 
phosphorus  over  heated  baryta.  The  porating  the  solution  to  dryness.  In 
action  is  intense— phosphate  of  baryta  ^^^s  state  it  is  found  in  commerce  under 
is  produced ;  and  the  phosphuret  of  the  ^^^  names  of  potash  and  pearl-ash,  and 
base,  of  a  metallic  lustre.  When  thrown  ^^  largely  employed  in  the  manufactarei 
into  water,  phosphuretted  hydrogen  is  ?^  S^^^^  ^"^  soap.  It  ma^  be  prepared 
given  off,  and  spontaneously  inflames  in  >"  greater  purity  bv  heating  cream  o( 
the  air.  and  a  hypo-phosphite  of  baryta  ^i**^*"  (hi-tartrate  of  potash,  hereafter  to 
remains  in  solution.  By  evaporation  it  ^  described)  to  redness :  a  pure  carbo- 
may  be  collected  in  the  form  of  pris-  "^^^  of  potash  mixed  with  charcoal  if 
matic  crystals.  It  is  from  the  solution  **^®  result  of  this  operation.  It  may  be 
of  this  salt  that  the  hypo- phosphorus  purified  by  dissolving  it  in  water,  filter- 
acid  is  obtained  as  already  described  *"S  and  evaporating  to  dryness  in  a  sfl- 
(§  135.).  The  baryta  is  carefully  preci-  ^er  vessel, 
pitated  by  sulphuric  acid,  and  the  acid 
disengaged. 


Chapter  XX. 
On  the  Carbonates  and  Borates, 


Its  taste  is  strongly  alkaline,  but  aot 
caustic,  and  it  changes  vegetable  co- 
lours to  green.  It  is  very  soluble  ia 
water,  which  will  take  up  its  own  weight 
of  the  salt ;  and  it  deliquesces  rapidly  ia 
the  air.  It  may  be  obtained  m  crystall 
($454.)  The  carbonic  acid  ($  156.)  by  with  difficulty,  which  contain  two  equiva- 
its  union  with  the  different  bases  forms  lents  of  water.  It  is  insoluble  in  alco- 
carbonates,  bi-carbonates,  and  sesqui-  hoi,  and  fuses  at  a  red  heat  withoi^ 
carbonates,  whose  general  properties  change.  If  steam  be  passed  over  car- 
very  much  resemble  each  other.  When  bonate  of  potash  in  a  redliot  tube,  its 
exposed  to  heat  they  all  lose  their  acid,  carbonic  acid  will  be  expelled  and  a 
except  the  carbonates  of  potash,  soda,  hydrate  of  potash  formed ;  and  on  the 
and  hthia ;  and  the  salts  of  these  bases  other  hand,  if  a  current  of  carbonic  acid 
which  contain  more  than  one  equivalent  gas  be  passed  over  the  hydrate,  the 
of  carbonic  acid,  are  reduced  to  the  water  will  be  displaced,  and  the  carbo- 
state  of  neutral  carbonates  by  elevation  nate  reproduced.  This  is  a  consequeooe 
of  temperature.  The  carbonates  of  ba-  of  the  law  to  which  we  have  previouslf 
lyta  and  strontia  require,  however,  an  adverted  (}  365.),  by  which  two  ac£ 
intense  white  heat  for  their  decomposi-  divide  a  base  between  them.  The  water 
tion ;  while  those  of  lime  and  magnesia  by  its  affinity  for  the  potash.  Derforms 
Are  reduced  to  the  caustic  state  by  a  fuU    the  part  of  an  acid,  andTwhen  a^ied  io 


CHEMISTRY.  113 

excess  win  totally  displace  the  limited  cularly  in  the  manufactures  of  soap  and 

quantity  of  carbonic  acid  in  the  carho-  glass. 

nate;    and  on  the  contrary,  when  the        (§459.)  When  excess  of  chlorine  is 

carbonic  acid  is  in  excess,  it  will  finally  passed  into  solutions  of  either  the  carbo- 

expel  the  limited  amount  of  water  in  nate  of  pot  ash  or  soda,  the  carbonic  acid 

the  hydrate.     A  few  of  the  metals  and  is    commonly  displaced,  and  chlorides 

charcoal,  at  very  hie:h  temperatures,  de-  and  chlorates  formed :  but  by  peculiar 

compose  this  salt  with  the  production  of  management  chlorine  may  be  combined 

potassium.  with  carbonate  of  soda  without  decom- 

Bi'Carbonate  of  Potash.^92.  position.    This  solution  has  been  called 

(2  C.  44  +  1  P.  48.)  disinfecting  soda  liquid,  from  the  usea 

^<  ...  V    iir  1-     •       -J  •  1  which  have  been  made  of  it,  and  which 

tf  456.)   When  carbonic  acid  is  passed  ^^  analogous  to  those  described  of  the 

through  a  solution  of  potash,  or  of  the  chloride  of  lime  (§  390.).    This  solution 

carbonate,  to  saturation   the  bi- carho-  j,  g^^  ^^  astringent,  and  it  first  red- 

Bate  IS  formed.    In  ciystals.  it  contains  ^ens    and  aflerwafts    bleaches    paper 

«ae  eqmyalent  of  water.     Its  taste  is  ^j^^  ^j^j,  turmeric.    It  gives  out^ 

•hghUy  alka  ine,  and  it  ac^s  but  weakly  ^^^^^^^  ^  ebullition ;  but  when  exposed 

upon  vegetable  co  ours.    It  requires  four  ^^  ^y^^  ^^.^his  element,  to  which  it  owea 

parts  of  water  at  60    for  its  solution,  jjs  efficacy,  gradually  escapes,  and  the 

It  parts  with  a  portion  of  its  acid  at  the  carbonate  of  soda  remains.  • 
mere  temperature  of  ebullition,  and  is 

converted  into  the  carbonate  by  a  red  Bi-Carbonate  of  Soda. — 76. 

heat.  (2  C.  44  + 1  S.  32./ 

Sesqui-Carhonate  of  Potash, — 81.  (}  4^0.)   Thb  bi-carbonate  of  soda  is 

(l^C  33  +  1  P  48.)  formed  by  saturating  soda,  or  its  car- 

<f  457.)  WHKy  a  solution  of  thebi-car.  bonate  with  carbonic  acid,    Duringthe 

bonate  of  potash  is  boUed  till  carbonic  operation  it  is  deposited  in  small  crys- 

•cidisnoWr  given  off,  it  forms,  on  tals    wh,ch  contain  2    e^^^^^^  of 

cooling,  deliquescent  crystals,  which  are  ^T^*^''     ^*«  *f  *^  "  f 'ffin^'^^r'tf'^ 

w../vi»£L ;«  «i^r.i,oi     TK«mr  Jl/>nt.;n  t,\^  ^^  "  much  less  soluble  in  water  than 

insoluble  n  alcohol    They  contam  six  t^e  preceding  salt.    It  does  not  effloresce 

equivalents  of  water,  and  one  and  a  half  .«•"«  t'*'^^':""»6^~:«    **  '-*^-  ..wi.^kiwic»»^ 

^uivalent  of  acid  to  one  of  the  base.  ^"^  ™/'';  11  L^Tl^^^f"^  ^^^^' 

fte  same  salt  may  be  procured  by  dis-  ^^  f  ^»««  *^  ^^«  »^«^^«  ^^  sesquicar- 

•Giving  100  parts  of  carbonate,  and  131  ^^^^^ 
parts  of  bi-carbonate  of  potash  in  water.       ^  Sesqui*  Carbonate  of  Soda. — 65« 

Carbonate  o/5'xfa.— 54.  di  C.  33  + 1  S.  32.) 

(I  C.  22  +  1  S.  32.)  ((  461.)  This  salt  is  not  only  formed  as 

(§  458.)  Impurx  carbonate  of  soda  is  above,  but  occurs  abundantly  in  na- 

clytained  by  lixiviating  the  ashes  of  sea-  ture.    It  is  imported  in  large  quantities 

weeds,  as  carbonate  of  potash  is  pro-  from  the  coast  of  Barbary,  in  Africa* 

•cnred  from  the  ashes  of  land-plants.    It  where  it  is    collected  by  the  natives, 

may  be  obtained  pure  by  calcining  a  under  the  name  of  trona.    A  very  con- 

aaltoiQed  the  acetate  of  soda,  dissolving  siderable  soda  lake  also  exists  in  the 

the  product  in  water,  and  filtering  and  province  of  Maracaybo,  in  South  Ame- 

eraporating  the  solution.    It  is  soluble  rica,  from  which  this  salt  is  fished  up  m 

in  twice  its  weight  of  water  at  60^  and  very  considerable  masses.; 
in  less  than  its  own  weight  at  2 1 2**.    Its  Carbonate  qf  Baryta.^l  00. 

taste  is  very  alkaline,  and  it  turns  ve-  /i  o  ooa.i  n  7q  \ 

getable   blue    colours    to    green.     It  (i  u.  ^-s+i  n.  78.} 

readily  forms  crystals   which   contain  (}  462.)  When  baryta  water  is  added 

10  equivalents  of  water.    It  effloresces  to  solutions  of  the  carl>onates  of  soda  or 

in  the  air,  parting  with  a  portion  only  potash  it  abstracts  their  acid,  and  car- 

of  its  water  of  crystallization ;  and  it  bonate  of  baryta  is  precipitated  in  the 

mMkigoes  aqueous  fusion  upon  expo-  form  of  a  white  powder,  which  is  nearly 

ffure  to  heat     Like  the  caroonate  of  insoluble  in  water.    It  occurs  native  in 

potash,  it  may  be  decomposed  by  vapour  crystals.      It  is  destitute  of   taste  or 

«f  water  at  a  led-heat,  and  the  resulting  smell,  but  is  very  poisonous.    It  con- 

l^drate  b  reconverted  into  a  carbonate  tains  no  water  of  crystallisation,  but 

l^  earbonic  acid.    Carbonate  of  soda  is  may  be  melted  into  a  white  enamel  b^ 

laiKaly  employed  in  the  arts,  and  parti-  a  very  high  degree  ol  Y»%X«   \\.\aa:^\» 
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deeomposed  with  the  assistance  of  char-  sulphate  of  magnesia  is  not  preeipitited 

coal ;  the  carbonic  acid  is  decomposed  at  all  when  cold  by  the  alkaline  d^cw* 

and  expelled,  and    caustic  baryta  re-  bonates,  or  by  the  sesqui-caibonote  of 

mains.  ammonia.    When  a  solution*  howenr. 

This  carbonate  may  also  be  decom-  of  carbonate  of  magnesia  in  earixnie 

posed  at  a  red  heat  by  steam»  and  pure  acid  is  allowed  spontaneously  to  eva- 

hydrate  of  baryta  may  be   thus  pro-  porate,    small    prismatic   crystals   an 

duced.    It  dissolves  very  sparingly  m  a  formed,  which  are  composed  of  magiia* 

solution  of  carbonic  acid  in  water.  sia,  carbonic  acid,  and  water ;    but  in 

what  proportions  is  somewhat  doubtful 
Carbonate  of  Lime. — 50. 

(1  C.  22  + 1  L.  28.)  Carbonate  of  /ron.— 58. 

r'  ^rox    r.                         t  y        '  <^  C.22+1  1.36.) 

(§463.)    Carbonate  of  lime  is  com-  ,.  .-,.m»         ,     .       .,/ 

posed  of  1  equivalent  of  acid,  and  1  of  ^J  ?,^5>  The  cM-bonic  acid  forms  a de- 

base ;  and  even  when  in  crystals,  as  it  ?""®  compound  with  the  protondc  of 

often    occurs    in  nature,    contains   no  H'^"  ^^y*    When  its  aqueous  aohitioii 

water.    It  Is  probably  the  most  abun-  }«  digested  with  iron  fihngs,  a  cokior- 


oolite,  and  limestone.    It  is  an  abun-  ||^  falls  as  a  greenish-white  precipitate. 

dant  product  of  the  animal,  and  is  not  W"«"  exposed  to    the  air  it  absorbs 

deficient  in  the  vegetable,  kingdom.    It  oxygen,  peroxide  of  iron  is  prodneel 

is  insoluble  in  pure  water,  and  possesses  ^"^  carbonic  acid  given  off.    The 


no  taste :  it  is,  however,  taken  up  by  donate  of  iron  is  not  an  uncommcm  in- 
carbonic  acid,  and  in  this  manner  is  Ff^l^"^  ^^  mineral  waters,  in  which  it 
found  in  vanous  springs,  as  those  of  ??  "^^^  ^^  solution  by  excess  of  add,  and 
Matlock.  As  the  volatUe  acid  escapes,  "  ^"??  "/^iv®'  »n  nearly  a  pure  flat% 
the  carbonate  of  lime  is  deposited  upon  crystallized  m  small  impetfeet  riMO' 
surrounding  objects,  and  hence  the  ori-  *^*^ 

gin  of  petrifying  wells.  Carbonate  of  Copper. 

Carbonate  of  a  me  is  decomposed  by  "^      ^^ 

a  red  heat,  and  it  is  thus  that  lime-  (H66.)  Copper  united  to  carbonic  acid 

stones  and  chalk  are  burned  into  hme.  occurs  in  a  native  state,  in  the  form  of 

Under  a  pressure  sufficient  to  prevent  *  beautiful  green  mineral,  caUed  m^ 

the  escape  of  the  gas,  carbonate  of  lime  chite.    It  consists  of 

has  been  melted  without  decomposition.  1  equivalent  of  peroxide  of  copper    80 

1        ditto        carbonic  acid        .     22 

Carbonates  of  Magnesia.  1       ditto        water  ....      9 

(J  4G4.)  The  neutral  carbonate  of  mag-  

nesia  cannot  be  obtained  in  an  unmixed  _                             111 

state  by  art,  but  occurs  as  a  mineral     .      .  • 

product  in  the  East  Indies,  in  the  form  ^  similar  product  may  be  artifidaD? 

of  a  massive,  hard,  white  substance,  jormed  by  adding  carbonate  of  potash 

exhibiting  a  conchoidal   fracture  with  to  sulphate  of  copper.    When  carefully 

translucent  edges.     It  slowly  dissolves  in  f"^^  !*  's  of  a  green  colour,  and  inso- 

acids,  and  is  composed  of  ^""1®  *n  water.    An  impure  carbonate  is 

1  equivalent  of  magnesia  .     .     20  ^^!?  manufactured  as  a  pigment,  and 

1        ditto         caAonic  acid  .     22  T  "^  verditer,  by  decomposing  nitrate 

__  of  copper  by  chalk. 

^  Carbonate  qf  Leadr^l34, 

When  the  carbonated  alkalies  are  added  ^^  C.22+1  L.  112.) 

to  a  solution  of  sulphate  of  magnesia,  a  (}  467.)  There  is  but  one  known  coid- 

white,  insipid,  insoluble  powder  is  pre-  bination  of  carbonic  acid  and  lead,  and 

dpitated,  which  appears  to  vary  accord-  this  is  constituted  of  one  equivalent  of 

ing  to  the  circumstances  under  which  it  the  acid  and  one  of  the  protoxide.    It 

is  formed,  and  to  consist  of  different  may  be  immediately  formed  by  aHHing 

proportions  of  carbonate  and  hydrate  of  an  alkaline  carbonate  to  nitrate  ofkaZ 

magnesia.    It  is  very  soluble  in  excess  Tlie  white   precipitate  which   falls   is 

iJcarlonic  acid;  so  much  so,  that  the  tasteless,  insoluble  in  water,  but  aoluUe 
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in  solutions  of  the  fixed  alkalies.    It  is  they  may  generally  be  distinguished  be- 

manufactured  upon  a  large  scale  as  a  fore  the  blowpipe.     With  cobalt,  the 

white  paint  by  exposing  sheet  lead  to  colour  is  deep  blue ;  yellow  with  iron ; 

the  action  of  fumes  of  vinegar  with  ac-  and  green,  blue,  or  red  with  copper.    It 

cess  of  air.    The  lead  is  thus  at  the  is  soluble  in  twelve  parts  of  water  at 

same  time  oxidized  and  converted  into  60°  F.,  and  in  two  parts  at  2 12°  F.    It  is 

a  carbonate  by  the  decomposition  of  the  chiefly  used  as  a  flux,  and  for  the  pre- 

vegetable  acid.     The  native  carbonate  paration  of  boracio  acid.    Muslin  and 

of  lead  is  one  of  the  most  beautiful  of  other  articles  of  apparel  may  be  ren- 

ttie  metallic  ores :  it  occurs  in  Comwdl  dered  almost  incombustible  by  steeping 

in  the  form  of  delicate  white  needles,  them  in  a  solution  of  borax :  when  dry 

Yvhich  are  soft  and  very  brittle.  they  cannot  afterwards  be    easily  in- 

m      -o^  flamed.     This  salt  is  imported  from 

IHK  BORATES.  j^^^  ^^^^    jj  jg    ^^^^^  ^^^^^  j^   ^^ 

<6468.)  THBafiinitiesof  theboracicacid  impure  state,  and  is  called  tincal.    It 

($  183.)  for  the  different  bases  is  but  occurs  in  some  of  the  lakes  of  Thibet 

veakj  and,  in  ordinary  circumstances,  and  Persia,  and  is  extracted  by  evapo- 

it  is  disnlaced  by  most  of  the  other  acids,  ration.    All  the  other  borates  may  be 

and  is  tnrown  down  in  the  form  of  pearly  formed  from  this  salt  by  double  deoom- 

scales :  but  it  is  so  fixed  at  a  high  tern-  position. 
perabure,  that,  at  a  red  heat,  it  decom- 
poses aU  salts,  not  excepting  the  sul-  Chapter  XXI. 

fihates,  the  acid  of  which  is  volatile.  o»  the  SalU  of  the  MetaUic  AeicU^ 
n  general  the  borates  are  very  sparingly  the  Antimomtes  and  AntirmmiateS'^ 
soluble  m  water,  except  those  of  potash,  the  ChromateS'-the  Arsenites  and 
soda,  and  ammonuu    They  are  insoluble       Arnwiatts, 

in  alcohol,  but  ar^  readily  taken  up  by  ^.  .^^„,  .    .,  .       ,     . 

the  different  acids.    They  are  not  de-  » 1^0>  lN;the  seven preced. i^hapters 

eomposed  by  heat,  but  a^  remarkably  ^®  have  endeavoured  to  give  cTearly  and 

fusible  in  the  fire,  and  form  a  trans-  succinctly  thecharacters  of  the  pnnw^ 

parent  glass  on  cooling.    By  digesting  «^"»  ^^™S^.%^^,«,  T"'"*^!^  .t  ^^ 

my  of  these  salU  in  a  slight  excess  of  enumerated  in  Table  IL,  with  the  dif- 

st^ng  sulphuric  acid,  evaporating  to  foment  salifiable  bases;   our  hmits  wiU 

dryness,   and    boiling   the    residul  in  novv  oblige  us  to  condense  into  the  pre- 

strong  alcohol   a  solution  is  formed,  sent  one  the  leading  proper  les  of  those 

which  has  the  property  of  burning  with  ?/  ^^^  Tf'  }"'P2''L*5"\r''*^'^u  '''''^^  "^^ 

a  green  flame.  *^    *^    "^  ^  tinguished  in  Table  IV.     They  are  m 

general  of  rare  occurrence,  and  few  of 

.   Borate  of  Soda,  or  Borax.-^TS,  them  have  been  applied  to  useful  pur- 

(2  B.  44  +  1  S.  32.)  poses ;  there  is,  therefore,  the  less  occa- 

(§  469.)  The  only  salt  of  this  class  of  '^^^  *^  ^^^"  "P^"  ^^^'^  ^"  ^^^^^• 
any  consequence  is  the  borate  of  soda.       The  Antimonites  and  Antimo- 
eommonly  known  in  commerce  by  the  niatss. 

name  of  borax.    When  crystallized  it  is  (i  471.)   We  have  seen  (i§  259,  261.) 

4X)mposed  of  that  antimony  is  capable  of  forming  two 

2  ecjuiv.  of  boracic  acid   44  electro-negative  compounds  with  oxygen, 

1  ditto  soda    .     .    .    .32  which  possess  the  propertv  of  uniting 

8  ditto  water    .    .    •    .  72  with  the  alkaline  bases.     The  antimo- 

— -  nious  and  antimonic  acids  have  little 

148  activity,   and   are  expelled  from  thehr 

•^—  combinations  by  the  feeblest  acids  of 

Its  taste  is  sweetish,  alkaline,  and  astrin-  the  first  class,  not  excepting  the  earbo- 

gent.    When  exposed  to  heat,  it  first  nic.    The  characters  of  the  antimonites 

undergoes  the  aqueous  fusion,  and  after-  and  antimoniates  are  so  nearly  the  same, 

wards,  at  a  red  heat,  the  igneous.    On  that  they  can  ordy  be  distinguished  by 

cooling,  it  assumes  the  appearance  of  a  separating  their  acids :  the  acid  of  the 

coionrless,    transparent    glass,    which  first  class  ^es  off  oxygen  when  exposed 

speedily  tarnishes  in  the  ain     It  pos-  to  heat,  while  that  of  the  second  affords 

Mates  the  valuable  property  of  dissol-  none.    The  majority  of  tbsie  salts  are 

TiDg  and  eombining  with  all  IhemetalHc  insoluble  in  water ;  those  an\j  are  so- 

OEMtit   ukI   by  the  different  colours  luble  whose  bases  are  so  UkenvM.   '^I^  - 

vUcb  fbej  eomnraiiicate  to  the  glaM»  latter  gi^e  axi  otwi^^Ylqw  v^^w^toto 
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with  sulphuretted  hydrogen.    The  rea-  posed,  but  assumes  a  tint  of  green  from 

diest  way  of  disting:uishln^  the  class,  the  formation  of  a  minute  portion  of 

however,  is  to  decompose  them  by  an  protoxide.     Though    very    soluble   in 

acid;  to  mix  the  disen^a^^ed  antimonious  water,  it  is  insoluble  in  alcohol,  and 

or  antimonic  acid,  which  are  insoluble  does  not  contain  any  water  of  crysfallir 

in  water,  with  charcoal,  and  expose  it  to  zation. 

heat,  when  a  button  of  metallic  antimony  The  bi-chromate  of  potash  is  much 

will  be  obtained.    The  antimoniate  of  less  soluble  than  the  neutral  chromate^ 

potash  may  be  easily  procured  by  mixing  and  100  parts  of  water  only  take  up  10 

one  part  of  antimony  with  six  parts  of  of  the  salt    It  forms  beautiful  tabular 

nitre  m  powder,  and  projecting  the  mix-  crystals  of  a  rich  red  colour,  which  are 

ture  into  a  red-hot  crucible :   a  white  anhydrous,  and  consist  of  2  ec^uivalenti 

mass  will  thus  be  obtained,  which  con-  of  the  acid  and  1  of  the  alkah.    When 

gists  of  the  require  salt  with  an  excess  exposed  to  heat  they  suffer  decompon 

of  alkali.     The  latter  may  be  washed  tion ;  the  neutral  chromate  is  formed, 

away  by  cold  water,  as  the  antimoniate  mixed  with  oxide  of  chrome,  from  the 

is  insoluble  in  alkaline  solutions.    The  deoxygenatlon  of  the  excesM  of  acid, 

antimoniate  of  potash  may  then  be  dis-  The  solution  of  this  salt  reddens  vege- 

solved  in  boiling  water.    It  does  not  able  blue  colours, 

crystallize,  but  forms  pellicles  by  evapo-  The  chromate  of  potash  is  manufiie- 

ration.     Its  taste  is  weakly  alkaline,  tured  on  a  large  scale  by  heating  to 

Acids  precipitate  from  it  the  insoluble  redness,  with  an  equal  weight  of  nitre, 

antimonic  acid,  in  the  state  of  a  hvdrate.  a  mineral  known  bv  the  name  of  chro- 

The  other  antimoniates  may  be  formed  mate  of  iron,  and  which  is  a  natiTe  eom* 

Sr  pouring  the  solution  of  this  salt  into  pound  of  the  oxides  of  iron  and  chroma 

e  different  metallic  solutions.     The  Chromic  acid  is  thus  generated,  which 

antimoniates  of  copper  and  of  cobalt  combines  with  the  alkali  of  the  nitR. 

present  us  with  a  singular  phenomenon :  The  mass  obtained  is  digested  in  water, 

when  they  are  dried  and  afterwards  ex-  and  the  solution  neutralized  by  nitrie 

posed  to  a  dull-red  heat,  they  suddenly  acid.    By  evaporation  crystals  of  nitre 

become  white  hot.    This  sudden  eleva-  are  separated,  and  the  residual  IJQuid, 

tion  of  temperature  is  totally  indepen-  by    spontaneous   evaporation,     amMrds 

dent  of  the  extraneous  source  of  heat  to  small  crystals  of  the  salt, 

which  they  are  exposed,  and  is  very  From  the  chromate  of  potash  all  the 

difficult  to  explain.  other  chromates  are  easily  obtain^  by 

Thr  rHROMAT««  double  decomposition:  the  soluble  talU 

iHK  UHROMATEs.  ^^  ^^^.^^^  j^^^  protoxide  of  mercoiy. 

<}472.)  All  the  salts  of  the  chromic  and  silver,  afford  insoluble  chrooMtcf 

acid  (j  274.)  are  of  a  yellow,  orange,  or  of  the  same  bases.    The  first  two  are 

red  colour:  by  mixing  them  with    a  yellow,  the  second  orange-red,  and  the 

little  alkali,  they  afford,  with  the  heat  of  third  deep  red.    Many  of  these  salts  aie 

the  blowpipe,  a  beautiful  green-coloured  valuable  as  brilliant  pigments;   and  a 

glass.    This  green  colour  of  the  oxide  of  sub-chromate  of  lead,  formed  by  boiliqg 

chrome  may  also  be  developed  by  treat-  the  neutral  chromate  with  potash,  is  ex- 

ing  any  chromate  with  muriatic  acid  and  tensively  used  as  a  fine  inalterable  led 

a  fittle  alcohol.  in  calico-printing. 

Chromatet  of  Potash.  The  Arsbnitxs  and  Arssniatxs. 

($473.)  If  we  neutralize  chromic  acid  (}474.)  The  only  soluble  compoundfl 

with  potash,  by  evaporation  of  the  solu-  of  the    arsenious   and    arsenic    adds 

tion,  we  shall  obtain  two  distinct  salts.  ($$279,  280.)  with  the  salifiable  bases. 

The  first  which  crystallizes  will  be  a  are  those  of  potash,  soda,  ammonia,  and 

bi-chromate  of  potash,  consisting  of  2  probably  lithia ;  all  the  remainder  are 

equivalents  of  acid  and  1  of  base ;  the  insoluble  in  water,  but  ai-e  taken  up  by 

second,  which  is  much  more  soluble,  of  an  excess  of  their  own  acid,  and  itill 

1  equivalent  of  acid  and  1  of  base.    The  more  readily  by  nitric  acid.    They  «« 

latter,  or  chromate  of  potash^  is  pro-  all  decomposed  by  being  heated  to  ped- 

cured  in  prismatic  crystals  of  a  fine  ness  with  charcoal,  metaUk  arsenic  be- 

lemon-bellow  colour,   and  possesses  a  ing  sublimed  and  easily  recognised  bf 

cool,  bitter,  disagreeable  taste.    It  turns  its  peculiar  odour.    The  arseniates  of 

the   yellow  colour  of  vc^tables   red.  the  alkaline  metals  'require  a  high  tem- 

When  exposed  to  heat  it  is  not  decom-  perature  for  this  reduction,  whib  those 
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of  the  common  metals,  such  as  lead,  crystals  upon  the  cool  lid  of  the  crucible, 

may  be  readily  reduced  in  a  glass  tube  Chloride  of  sodium  is  at  the  same  time 

by  the  heat  of  a  spirit  lamp.  formed. 

The  soluble  arsenites,  when  perfectly  The  hydro-fiuate  of  ammonia  is  yery 
neutral,  afford  a  yellow  precipitate  of  soluble  in  water,  and  slightly  so  in  alco- 
arsenite  of  siWer,  while  the  arseniates  hoi.  The  solution,  by  keeping,  parts 
are  characterised  by  a  precipitate  of  a  with  a  portion  of  its  alkali,  and  is  con- 
brick-red  colour.  yerted  into  a  deliquescent  bi-hydro-fluate. 

The  arsenite  of  potash  is  uncrystal-  It  corrodes  glass  even  in  its  dry  state, 

lizable,  and  may  be  formed  by  boiling  the  and  its  solution  may  be  employed  for 

acid  in  a  solution  of  the  alkali.    When  etching  on  that  substance.    From  the 

mixed  with  a  solution  of  sulphate  of  nature  of  its  base,  no  ambiguity  arises 

copper,  a  precipitate  is  formed  of  a  fine  with  regard  to  the  constitution  of  this 

apple- green  colour,  which  is  used  as  a  salt,  which  cannot,  of  course,  be  consi- 

pigment.    Although,  under  ordinary  cir-  dered  as  a  fluoride, 
cumstances,  this  salt  is  a  dangerous  and 
yident  poison,  it'is  sometimes  employed  Hydro- Fluates  o/Potoih. 

in  very  minute  doses  in  medicine  with  (§477.)    Thb  hydro-fluoric  acid  forms- 
success.  XYfQ  gj^fs  yfixY^  potash,  yiz.,  a  hydro-fluate 
r              YYTT  and  a  bi-hydro-fluate.    ITie  former  may 
lyR AFTER  AAll.  Ijg  obtained  by  saturating  the  acid  with 
On  the  Hifdro-FlucUes,  or  Fluorides^  potash  and  evaporating  to  dryness.    It 
the  FluO'Silicates---and  Fluo-Borates.  is  deliquescent,    and  crystallizes   with 

(J  475.)    NOTWITHSTANDINO  the  Obscu-  Ct^  ^^^IJ^     L^"on/^o!:X  '!j!on 

ntv  which  still  veils  the  radicle  of  the  *^**'  dissolves   silex,   and  acts   upon 

have  now  tot«at.the  hydr6-fluate.  of  ?.^?,«^„„?5^:»tTfeH.h«w  Ll„ 

the  base.,  or  the  fluoridesV  the  metals,  Sf  u^"  W^^l*^.  U  m*st^Kt 

/a«   i;iro«t.A  miiv^ofoo /%f  ^Kint^rio.  fhoir  ""*^®  ^^  oDtaineo ,  u  IS  crjsiaiuzaDie, 


of  their  constitution,)  form  a  distinct  ^f/  t^^^^  ^ 

and  well-characterized  class  of   salts,  asn  remains. 

When  sulphuric  acid  is  poured  upon  any  „  ,,^  rt    ^      ^  o  j 

of  them  and  heated,  CJhite  vapours  of  Hydro^Huates  of  Soda. 

hydro-fluoric  acid  are  given  off,  which  ({4^?-)  Two  combinations  of  the  hydro- 
may  be  recognized  by  the  facility  with  fluoric  acid  and  soda  may  be  obtained 
nrhich  they  corrode  glass,  even  in  very  by  the  same  method  as  the  preceding 
small  quantities.  They  are  not  at  all  salts.  The  neutral  hydro-fluate  crystal* 
acted  upon  by  combustible  bodies,  lizes  in  cubes,  like  muriate  of  soda ;  is 
When  they  contain  no  water  they  rea-  sparingly  soluble  in  water,  and  corrodes 
dily  fuse  without  change  by  the  appli-  glass. 

cation  of  heat ;  but  when  they  contain  ,  The  bi-hydro-fluate  of  soda  crystal- 

it,  they  undergo  partial  decomposition,  lizes  in  transparent  rhombohedrons ;  is 

and  an  oxide  or  sul>-salt  is    formed,  also  sparingly  soluble  in  water,   and 

Those  which  are  soluble  do  not  preci-  possesses  an  extremely  sour  taste, 
pitate  nitrate  of  silver,  and  they  oo  not  ^r^  j  - 

give  off  fluorine  when  heated  with  sul-  Fluoride  of  Cofcium.— 38. 

phuric  acid  and  oxide  of  manganese.  (1  F.  18  +  C.  20.) 

HydrO'Fluaie  of  Amtnonia.^36.  (*  479.)  By  digesting  fresh- precipitated 

nTTiQXiAi7\  carbonate  of  lime  m  an  excess  of  hy  dro- 

(1  ±1.  19  +  1  A.  17.)  fluoric  acid,  a  granular  fluoride  of  cal- 

($476.)    The  hydro-fluate  of  ammonia  cium  is  formed,  which  is  totally  insoluble 

may  be  prepared,  by  mixing  in  a  plati-  in  water.    A  similar  compound  idso  is 

num  crucibte  1  purt  of  muriate  of  am-  produced,  in  the  form  of  a  gelatinous 

monia  with  2.25  parts  of  fluoride  of  mass,  by  precipitating  a  neutral  salt  of 

sodium  (presently  to  be  described),  both  lime  by  any  soluble  fluoride.    This  salt 

in  the  sUta  of  a  dry  powder.    By  the  is  found  in  nature  in  the  most  beautiful 

application  of  a  sentle  heat,  a  double  forms,  and  is  commonly  known  b^  \3\% 

<xoh«ny  takes  paoe^  sni  the  hydro-  name  of  finoTt  etc   Derbyshire   «par« 

fluate  siibfiiMi  and  eoadenteM  in  small  VThen  exposed  uj^uVkoX  co^^\^  ^«av 
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high  temperature.  When  heated  to  rate  heat,  short  of  redness,  a  mixture  of 
redness  in  close  vessels  decomposition  equal  weights  of  ferro-cyanate  of  pot- 
ensues  :  nitrogen  is  disengaged,  and  cy-  ash  and  sulphur.  The  mixture  fuses 
anuret  of  potassium,  mixed  with  carbu-  spontaneously,  ignites  and  burns  briskly, 
ret  of  iron,  remains.  It  cannot  be  directly  during  which  it  should  be  well  stirred, 
decomposed  by  the  acids ;  but  mercury,  The  dark-coloured  residue,  on  being  dis- 
which  has  a  very  strong  affinity  for  cya-  solved  in  water  and  filtered,  affords  a 
nogen,  takes  it  from  the  salt.  Oxide  of  very  pure  sulpho-cyanate  of  potash.  It 
mercury,  put  into  a  solution  of  ferro-cya-  is  composed  of  1  equivalent  of  the  acid, 
nuret  of  potassium,  renders  it  alkaline,  and  1  of  the  alkali.  When  concentrated 
and  cyanuret  of  mercury  is  produced,  by  evaporation,  the  solution  jdelds 
It  is  employed  for  detecting  the  presence  crystals,  which,  when  thoroughly  dried, 
of  several  metals,  with  which  it  affords  do  not  contain  water  or  its  elements, 
precipitates  of  various  colours.  and  may,  therefore,  be  regarded  as  pure 
•D  ^  ^  ^n  1  9ulpho-^anurei  of  potassium.  They 
Ferro-Cyanate  of  Baryta.  ^^  however,   v«ry  'deliquescent,  and 

($491.)  The  process  for  forming  the  dissolve  very  readily  in  water.     Inform, 
ferro-cyanate  of  baryta  has  been  already  taste,  and  fusibility,  they  greatly  resem- 
described  (§  361.).    It  is  from  this. salt  ble  nitre, 
that  the  ferro-cyanic  acid  may  be  pre- 
pared.   It  is  sparingly  soluble  in  cold  Chaptbr  XXIV. 
water,  but  much  more  so  in  hot,  and  ^..^         ,^,        .        ^ouj 
forms  yellow  crystals  by  evaporation.  ^^  the  General  Chwacters  of  SaiU  de- 

•^  nvedfrom  their  Bases.     Concluston 

Per-ferro-Cyanate  of  Iron.  of  Inorganic  Chemistry. 

(§492.)    The  common  pigment  called  (j  494.)  ly  treating  of  the  saline  com- 

Prussianblue  is  a  preparation  of  ferro-  pounds,  in  the  order  of  the  acids,  as  we 

cyanic  acid,  united  with  the  peroxide  of  proposed  ($  366),  we  have  endeavoured, 

iron.      It  IS  formed  by  adding  ferro-  previously  to  describing  the  individual 

cyanate  of  potash  to  solution  of  per-  species,  to  mark  the  leading  characters 

sulphate  of  iron.    The  precipitate  which  of  each  groupe,  derived  from  their  eleo- 

falls  IS  of  a  beautiful  deep  blue  colour,  tro-negative  constituents:  it  remains  for 

insoluble    m  water   and  alcohol,   and  the  completion    of  our    plan  that  we 

tasteless.    It  is  not  acted  upon  by  dilute  briefly  denote  the  properties  der^endent 

sulphuric,  nitric  ormuriatic  acids.  When  ^^^^    t^e    electro-positive     ingredient 

kept  m  contact  with  iron  fihngs  or  ex-  ^hich  characterize  each  class,    in  the 

posed  to  the  action  of  sulphuretted  by-  order  of  their  respecUve  bases.     For 

drogen,  it  loses  part  of  its  oxygen,  and  this  purpose  we  shall  again  adopt  a  sob- 

becomes  white.    It  is,  m  fact,  converted  jivis^ion  of  the  series,  as  an  assistance  to 

into  proto-ferro-<;yanate  of  iron,  which  the  memory,  and  to  avoid  the  difficulty 

may  be  directly  formed  as  a  white  preci-  of  having  to  search  for  any  particuli 

pitate,  by  adding  ferro-cyanate  of  potash  species  through   so  long  a  catalogue, 

to  a  solution  of  proto-sulphate  of  iron,  gych  a  convenient  sulidivision  may  be 

It,  however,  regains  its  oxygen  and  co-  derived  from  the  changes  produced  in 

lour  by  exposure  to  the  air.  their  solutions  by  solutions  of  a  satu- 

.he  common  Prussian  b  ue  of  com-  y^ted  hydro-sulphuret,  a  carbonate;  and 

merce  is  impure,  contains  alumme.  and  sulphuretted  hydrogen. 

IS  manufactured   by  adding    to  ferro-  f  he  first  two  classes  thus  formed  will 


phate  of  iron.    The  precipitate  which  ^f  these  is  subdivided  into  two  jn-oupes: 

falls  IS  at  first  of  a  din^-green  cdour,  j^t.  those  which  are  precipitated  by  S- 

^luJ      •^'''"^  ^ashings  with  dilute  donate  of  potash  ;  2d.  those  which  are 

munatic  acid,  acquires  a  fine  blue  tint,  ^ot  precipitated.    The  latter,  also,  into 

The  Sulpho-Cyanates.  ^^^  groupes:  1st.  those  which  are  pre- 

SuIpH^Cyanateo/PoiasH.  ;  jfi'^hEr^fnrSSir' '  ^ 

($  493.)  The  only  salt  of  the  sulpho-  The  following  Table  exhibits  this  ar- 

cyanic  acid  (}  360,)  which  possesses  any  rangement,  and  the  order  in  which  we 

interest,  is  the  sulpho-cyanate  of  potash.  shaS  proceed  to  examine  the  boHe  dift- 

Itis  prepared  by  exposing  to  a  modie-  ncten  of  the  salts. 
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(Hydro-sulphiiret  of 
ammonia    does    not  ^ 
precipitate    salts    of ' 
these  bases. 


Tablb  VI. 

Potash 

Soda 

Ammonia 

Lithia 
Baryta  " 
Strontia 
Lime; 
Magnesia 

C  Alumina 
Manganese 
Zinc 
Iron 
Cobalt 
Nickel 


1      1st' 

J  DIVISION 


Carbonate  of  potash 
does  not  precipitate 
salts  of  these  bases. 


1DIVHI0N    precipitates    sdts  of 
these  bases. 


2nd  Carbonate  of  potash 


CLASS 


i 


Sulphuretted    hy- 
Ist         drogen  does  not  pre- 
DIVISION    cipitate  salts  of  these, 
bases. 


LASS  I  Hydro-sulphuret  of  . 
TT  <  ammonia  precipitates  \ 
'^'    (salts  of  these  bases. 


Chrome 

Tin 

Cadmium 

Antimony 

Bismuth 

Lead 

Copper 

Mercury 

Silver 

Platinum 

Gold 


> 


2d 

DIVISION 


Sulphuretted  hy* 
drogen  precipitates^ 
salts  of  these  bases. 


It  may,  however,  be  observed,  that 
some  of  the  above  salts  in  the  first  divi- 
maa  of  the  second  class  would  give  pre- 
cipitates with  sulphuretted  hydrogen,  if 
care  were  not  taken  to  add  it  in  excess : 
thus  a  slight  precipitate  wouki  appear 
with  zinc,  and  precipitates  also  with 
Dickd  and  cobalt;  but  they  immedi- 
ately disappear  by  the  addition  of  a 
little  acid. 

Salts  qf  Potash, 

a  495.)  Thb  principal  character  of  the 
salts  of  potash,  as  by  the  above  table,  is 
to  give  no  precipitate,  either  by  a  hydro- 
sulphuret  or  a  soluble  carbonate. 

All  the  salts  of  potash  are  soluble; 
but  there  are  some  which  are  but  slightly 
sa 

When  tartahc  acid  (which  will  be 
described  when  we  come  to  treat  of 
Vegetable  Chemistry)  is  poured  into  a 
concentrated  solution  of  any  of  these 
saltSt  a  precipitation  takes  place,  of  a 
substance  which  is  known  bv  the  name 
of  iariar^  of  which  we  shaU  hereafter 
qpeak. 

They  also  afford  a  precipitate  when 
srighftle  of  slomine  ((  429.)  is  poured 
into  itmm,  on  account  of  the  fonnalion 


of  alum,  which  is  a  salt  of  sparing  solu- 
bility. 

Chloride  of  platinum  (§  395.)  producer 
with  them  a  yellow  precipitate  of  a  dou- 
ble chloride,  which  is  nearly  insoluble 
in  water,  and  wholly  so  in  alcohol. 

Potash  is  the  most  powerful  of  all  the 
bases,  and  forms  the  most  permanent 
combinations  with  the  acids.  For  ex- 
ample : — The  nitric  acid  sustains  a  mucb 
higher  heat  without  decomposition,  wheir 
united  with  this  base,  than  with  any 
other ;  and  the  vegetable  acids  also  have 
their  decomposition  much  retarded  by 
the  same  combination.  In  general  it 
forms  anhydrous  salts. 

Salts  of  Soda. 

((  496.)  Thbrb  is  a  considerable  ana- 
logy between  the  two  bases,  potash  and 
soaa.  The  salts  of  the  latter,  like  those 
of  the  former,  are  very  soluble ;  but  they 
do  not  afford  precipitates,  as  above  de- 
scribed, with  tartaric  acid,  sulphate  of 
alumine,  or  chloride  of  platinum.  If 
these  tests  should  be  insufficient  to  dis- 
tinguish them  in  any  case,  the  base 
shmiki  be  separated  and  comlnned  with 
sulphuric  acuL  The  sulphate  of  potash 
is  anhydrous,  deici«tn9u»«i  Vgl  ^^  %k»v 
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is  unaltered  by  exposure  to  the  air,  and 
of  a  bitter  taste.  The  sulphate  of  soda, 
on  the  contrary,  undergoes  the  aqueous 
fusion  from  the  great  quantity  of  water 
which  it  contains ;  effloresces  in  the  air, 
and  has  a  bitter,  cooling  taste. 
Salts  of  Ammonia, 

<$  497.)  Thb  general  characters  of  the 
ammoniacal  s^ts  have  been  already 
enumerated  (}  187.).  We  will  only  add 
that,  like  potash,  they  afford  precipitates 
with  sulphate  of  alumine,  and  with  chlo- 
ride of  platinum. 

Salts  of  Lithia, 

(}  498.)  The  salts  of  lithia  are  the  first 
of  the  groupe  which  are  precipitated  by 
the  carbonated  alkalies ;  but,  neverthe- 
less, its  carbonate  is  slightly  soluble. 
This  base  may  further  be  distin^ished 
from  potash  and  soda,  by  combming  it 
with  muriatic  acid ;  its  choride  being  very 
deliquescent  and  dissolvins^  freely  in  al- 
cohol, which  afterwards  burns  with  a 
red  flame.  AU  the  salts,  when  heated 
on  A  platinum  wire  before  the  blowpipe, 
tinfre  the  flame  with  a  red  colour.  It  is 
distmguished  from  the  alkaline  earths 
by  forming  soluble  salts  with  sulphuric 
and  oxalic  acids,  and  by  its  carbonate, 
though  sparingly  soluble,  giving  a  brown 
stain  to  turmeric  paper. 

Salts  of  Baryta. 

a  499.)  Some  of  the  salts  of  baryta  are 
soluble,  and  some  insoluble;  but  it  is 
easy  to  change  the  latter  into  the  former 
by  converting  them  into  a  chloride. 

The  soluble  salts  are  precipitated  by 
sulphuric  acid,  and  the  precipitate  is 
insoluble  in  excess  of  the  acid :  they  are 

Erecipitated  by  caustic  potash  and  soda, 
ut  not  by  ammonia.  When  a  drop  of 
a  solution  of  the  chloride  is  placed  upon 
a  slip  of  glass  and  exposed  to  the  air,  it 
crystallizes  in  distinct  rhomboidal  or 
hexahedral  plates.  These  crystals  are 
insoluble  in  alcohol,  and  do  not  undergo 
any  change  by  exposure  to  the  air. 
Their  taste  is  peculiarly  bitter,  and  they 
are  violently  poisonous. 

:  Salts  of  Strontia, 

(}  500.)  The  salts  of  strontia  very  much 
resemble  those  of  baryta  in  their  general 
characters,  and  it  is  sometimes  difficult 
to  distinguish  them.  Sulphuric  add 
produces,  with  both,  a  precipitate  inso- 
luble in  excess.  But  the  sulphate  of 
baiTta  is  absolutely  insoluble  in  water ; 
ana  if  water,  which  has  been  boiled  with 
it,  be  filtered  and  evaporated  to  dryness, 
there  will  be  no  residue.    If,  however. 


to  water  which  has  been  boiled  with  sul- 
phate of  strontia,  a  few  drops  of  any 
soluble  salt  of  baryta  be  added,  there 
will  be  a  cloudiness  produced,  as  the  sul- 
phate of  strontia  is  very  slightly  soluble. 

A  drop  of  chloride  of  strontium,  eva- 
porated upon  a  slip  of  glass,  crystalUies, 
in  slender  prisms,  which  deUquesce  m  a 
moist  atmosphere,  and  are  soluble  In 
alcohol.    This  salt  is  not  poisonous. 

Lastly,  neither  the  solution  of  baryta 
nor  strontia  produces  any  precipitate 
with  tlie  salts  of  this  base. 

Salts  of  Lime, 

(^  501.)  The  salts  of  lime  are  not  preci- 
pitated by  dilute  sulphuric  acid ;  out  if 
the  solutions  be  very  concentrated,  a 
precipitate  will  be  produced.  This  pre- 
cipitate, even,  may  be  re-dissolved  by 
the  addition  of  nitric  acid,  which  will  not 
take  up  those  formed  by  baryta  and 
strontia.  Solutions  of  baryta  and  stron- 
tia in  water  occasion  precipitates  in 
them.  They  are  also  precipitated  by  the 
oxalic  acid  (hereafter  to  be  described), 
which  has  so  great  an  affinity  for  the 
base,  as  to  separate  it  even  from  the 
mineral  acids.  None  of  them  are  pre- 
cipitated ^y  ammonia.  They  have,  in 
general,  a  pungent  bitter  taste. 

Salts  of  Magnesiam 

(^  502.)  The  salts  of  magnesia  are  pre- 
cipitated by  solutions  of  all  the  caustic 
alkalies  and  alkaline  earths.  Ammonia, 
however,  will  not  occasion  any  precipi- 
tate, if  the  salt  contain  more  than  one 
equivalent  of  acid;  as  in  that  case  a 
double  salt  of  ammonia  and  magnesia  is 
formed,  which  a  further  addition  of  am- 
monia does  not  decompose.  Ammonia, 
moreover,  only  precipitates  half  the  mag- 
nesia of  the  neutral  salts,  and  with  the  re- 
mainder forms  a  double  salt.  The  ssJta 
of  magnesia  are  precipitated  by  the  neu- 
tral carbonates,  but  not  by  the  bi-carbo* 
nates ;  for  the  bi-carbonate  of  magnesia, 
which  is  formed,  is  very  soluble;  but 
upon  the  application  of  heat,  carbonic 
acid  is  given  off  and  a  precipitate  ensues. 
They  are  not,  like  the  salts  of  hme,  pre- 
cipitated bv  oxalate  of  ammonia,  if  mo- 
derately diluted,  and  the  sulphate  is  veiy 
soluble  in  water,  which  distinguishes  It 
from  those  of  baryta  and  strontia. 

The  whole  class  possesses  a  peculiar 
bitter  taste,  which  is  also  characteristic 

Salts  of  Alumine, 

($  603.)  '  The  salts  of  alumine  aie  the 
first  of  the  class  whidi  are  preeii^itatcd 
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by  a  neutral  hydro-sulphuret.  They  all  salts  and  acid-salts  more  or  less  co- 
iAiMXi^  vegetable  blue  colours  to  red,  loured,  which  do  not  crystallize, 
and  the  base  appears  not  perfectly  to  The  salts  of  the  per- oxide  are  precipi- 
neutralize  the  acids.  They  possess  a  tated  of  an  intense  blue  colour  by  ferro- 
well-known  sour  astringent  taste.  If,  cyanate  of  potash.  Infusion  of  nut-galls 
into  a  solution  of  any  salt  of  alumine»  a  occasions  a  deep  bluish-black  precipi- 
nlt  of  potash  or  ammonia  be  dropped*  tate,  which  is  the  basis  of  common 
an  alum  is  formed  which  is  but  uttle  writing  ink.  The  alkalies  precipitate 
soluble.  All  the  preceding  bases  preci-  them  of  an  ochre  colour. 
pitate  alumine  from  its  ^ts,  but  the  Sulphurettel  hydrogen  does  not  pre* 
precipitate  is  redissolved  by  an  excess  of  cipitate  the  base  of  these  salts,  but  re- 
alkali.  When  heated  to  redness  with  a  duces  them  to  the  state  of  proto-saKs 
few  drope  of  solution  of  cobalt,  they  af-  with  an  abundant  precipitate  of  sulphur, 
ford  a  beautiful  blue  colour.  ^^^  ^y.  ^^^^^ 

Salii  of  Manganeie.  (§  607.)  The  salts  of  cobalt  are  of  a  rose 

«  504.)  The  salts  of  the  protoxide  of  ^'.,i?^"?  «^^^*»r-,    The  alkalies  occasion 

manganese  are  in  general  white,  with  a  ^'  ^  ^"^  ^  W^«  precipitate,  which  is 

slight  tint  of  rose  colour.    They  are  pre-  redjssolved  by  excess  of  ammonia.  When 

cipitated  white  by  the  alkaUes ;  but  the  ™«^^«^  7^*^  Pj?««  ^^  ^^^  ^.^X  «f<»- 

precipitates  very    speedily    change  to  !J°"  *  ^««P  ^^^^^    pennanent    colour, 

browi  by  absorptionTf  oxygen.     Am-  Ferro-cyanate    of  potash   forms    with 

monia.  as  in  the  case  of  ma^esia,  only  *^f  ">  »  ^^P^*^   of  »  yeUowish4)rown 

precipitates  half  the  base.   Ferro-cyanate  ^o^®^* 

of  potash  ii  490)  also  throws  down  a  Salts  of  Nickel. 

white  precipitate.   The  salts  of  manga-  (^  508.)  The  salts  of  nickel  are  'of  a 

nese  may   likewise    be  readilv./|distin-  bright  emerald  green  colour,  which  is 

guished  by  their  formatkm  of^  4xperal  easily  distinfi;uished  from  the  dull  green 

chameleon  (§311.).    If  a  smaJ^^.'^ibrtion  of  other  salts,  as  those  of  iron.    The 

be  heated  with  access  of  air  in  a  cm-  alkaUes  throw  down  a  green  precipitate, 

cible  ;with  potash,  a  mass  is  obtained  which  becomes  black  by  drying :  it  is 

which  affords  a  green  solution,  which  soluble  in  an  excess  of  ammonia,  which 

changes  to  red  by  the  addition  of  a  little  forms  with  it  a  beautiful  blue  solution. 

•cid.  The  only  two   metallic    oxides  which 

Salle  of  Zinc  afford  blue  solutions  with  ammonia  are 

..  .«.  V  m         IX     r  .             11    1--X  those  of  nickel  and  copper;  and  as  the 

«505.)  The  salts  of  nnc  are  all  white,  letter  is  easUy  distin^ished  by  other 

if  we  ewsept  those  formed  by  the  chro-  tg^ts,  this  property  becomes  distinctive 

^.^^^  7^^  Mre  precipitated  white  ^f  the  salts  of  tfie  former.    Ferro-cy- 

by  the  alkalies  and  by  ferro-cyanate  of  ^^ate  of  potash  forms  a  bright  yeUow 

potash.    An  infusion  of  nut-galU  occa-  precipitate. 

sions  no  change  in  them.    M\  the  pre-  xhe  taste  of  these  salU  is  sweet  and 

cipitates  are  soluble  m  excess  of  alkali,  loetidlic 

and  especially  in  ammonia.  '     Salts  of  Chrome. 

Salle  of  Iron.  ^^  5Q9  ^  ^^  j^j^^g  ^^  that  the  protoxkle 

a  506.)  The  salts  of  iron  are  ^easily  re-  of  chrome  forms  a  salifiable  base  (}272.), 

ooffnixed.  as  the  peroxide  does  an  acid.    The  saltf 

The,"  salts  of  the  protoxide  are  gene  of  the  latter  have  been  described  as  a 

rally  of  a  green  oolour,  and  possess  an  class  (f  472) ;  those  of  the  former  are  of 

astringent  taste.    The  alkalies  predpi-  a  beautiful  deep  green  colonr.  The  alka- 

tate   Qiera  white,  but  the   precipitate  lies  throw  them  down  of  a  greenish-grey 

At^ffwgM  first  to  a  green,  and  graaually  colour ;    ferro-cvanate  of  potash  of  a 

to  an  odnreous  colour :  it  is  slightly  green  colour.    Infusion  of  nut  eidls  oc- 

floloble  in  ammonia.    The  ferro-cyanate  casions  a  brown  precipitate.   When  anv 

of  polash  oocasions  a  white  orecipitate,  salt  of  the  base  of  chrome  is  treated  witn 

which,  however,  is  more  or  less  tinted  nitre  at  a  red  heat,  chromate  of  potash 

with  bine,  if  there  be  any  particles  pre-  is  produced,  which,  as  we  have  seen 

sent  with  excess  of  oxygen.     Infusion  (M73.)>  is  of  a  yellow  colour,  and  half 

oC  aat-galls  does   not  occasion    any  a  thousandth  part  of  which,  in  water, 

^ — '  nte  with   them.     By  exposure  is  ckariy  perceptible.     The  oxide  of 

iNf  become  ebuged  into  ioh-  chrome,  which  is  thrown  down  by  the 
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alkalies,  is  easily  reco^ized  by  the  green  ScUtt  of  Cadmuim. 

colour  which  it  communicates  to  glass  (^5,1)    Thb  salts  of  cadmium   .. 

at  a  high  temperature.  precipitated  by  the  alkalies  in  the  fUli 

Salt*  of  Tin.  of  a  white  hydrate,  which  is  redissolvad 

(4  510.)  The  preceding  groupe  of  salts  ^y.»7  **•*«»  °f,  S'"""™,^   IlHiT 

^  precipitate  by  hydro-sulphuret  of  «P''*'*  ^'^'°  s«Jlphui«tted  hydnwm  ■ 

ammonia ;  but  not  by  excess  of  sul-  "^  ««  <";»"?«  colour,  and  u  >n«oluUe  » 

phuretted  hydrogen ;  the  following  divi-  W,l  P°'»*|?'.  •J''^  sust«n«. »  '»">««  "e^ 

sion  consists  of  those  which  ai«  iWn  ^'t*'"'?*  *"''l«>"n&  Cadmium  is  throiro 

down  by  sulphuretted  hydrogen  alone,  down  in  the  me  allw  state  from  its  sdo- 

There  are  two  series  of  the  siJts  of  tin :  *'»"?,  ^J  T^^t  ""^  ^^  -fi!^" 

those  of  the  protoxide  and  those  of  the  ''^'1  «^«c«*  ^,  "?'**"??.  Tf**  **"* 

Deroxide.  **     •  *"**  ****  metal  immediately  recq^ 

^e  nroto-salts  a«ford  a  brown  precipi-  ""^^  ^y  its  great  volatility, 
tate  with  sulphuretted  hydrogen.  Potash  Soilti  of  Antimony. 

and  the  other  alkalies  occasion  a  white 


black  oxide  U  obtained,  whfch  is  easily  f^l?']!?':!!"' *3h;j5  *±!5:!fJ^ 

reduced  with  a  litUe  charcoal,  and  th^  l!!l?.  ilSi^l  ^.l^J^l'^.li?!!'  ^*!°.''SrL' 
metallic  button  in 
the  peculiar  smell 

JhUr?r:S«al^^n^s  Vhe"fir".r';f  I  »  °^tain«l  in  a  state  ofpunty.  Anti- 
series  of  metals  which  may  be  precipi-  ™°Py'  l''',"' »'»'  »  P"«'P>»«*ed  m  the  m^ 
tated  by  other  metals  which  W'^a  l*^^:?.":!;**.  ^j;.*":?'.  i*'lj^?°5^"^ 
superior  attraction  for  oxygen.  If  a  lU'Vf  1  .  ISTT™*  '^'j' 
sm*all  plate  of  zinc  be  immersed  in  a  ^P«»W  »he  two  met«Is  whe„  mixed. 

solution  of  tin.  a  grey  deposit  will  im-  ?y 'T.IT^  *  P't*1  "MTk'"*"  .*  "*"^ 

mediately  take  place  upon  it :  this  will  ^i""  f  ^^^  *?*?.  I?*  '^»_?"  ***  u'^'j"!!? 

be  succeeded  by triUianf  metallic  scales  ^'^  ^  precipitated.    The  salts  of  aah. 

which  strongly  reflect  the  light.    The  n>onya«  not  precipitated  by  femHWi. 

tin  is  precipitated,  and  the  zinc  takes  its  J"'**  "^  potash;  and,  as  there  are  iwt 

place  with  the  solvent:  not  a  particle  of  *"»,?'■  three  others  which  escape  tbt 

the  former  will  remain  in  solution.    Al-  !*»<='•?"  f  ^^Jf  s»lt'  the  character  u 

though  this  effect  is  primarily  occasioned  »™PO"ant-     The  precipitates  of  anti- 

by  the  greater  affinity  of  zinc  for  oxygen.  ""PL*''*  «^'"'y  ''^'^'^  with  charcod. 

Mothe?  cause  contributes  to  it  'the  '"<|  ^^^  '"«*^  recognized  without  difi- 

coat  of  tin  which  is  first  precipitated  *'*'v' 

upon  the  zinc  forms  with  it  a  galvanic  Salts  qf  Bitmuth. 

arrangement,   and   the   decomposition  (j  5 , 3.)  Jhe  salts  of  bismuth  are  colour- 

poceeds  from  he  electric  action  which  ^^  and  yield  an  intensely  black  pre- 

is  excited.   A  kind  of  metallic  vegeta-  cipitate.  with  sulpuretted  hydrogen.  Sin, 

tion  takes  place  in  the  solution,  and  the  eopper.  and  zinc  precipitate  the  meta^ 

distant  effect    at  the  extremes  of  the  from  their  solutions,    ft  may  be  reeoe. 

branches  cannot  be  supposed  to  be  the  nized  by  its  reddish-white  colour,  tSd 

result  of  chemical  affinity.  i,   ^^  ^,t  britUeness. 

The  proto-salts  of  tin  have  the  pro-  'xhe  nitrate  of  bismuth  aifonls.  with 

perty  ,of  orecmitating  chloride  of  god  ^^ter.  a  copious  white  precipitate^ Imd 

^n  ?&TI^         ''  "  ""^             ^^  t*»«  «»«**>  "«y  by  this  means  be  both 

frlikit^.tr^T'^^^  S1riKf'!:^xtl"^hi^Jf^ 

from  the  preceding  by  affording  a  dingy  account  of  its  great  beauty,  has  beeo 

yeUow  precipitate  wi  h  sulphuretted  hy.  employed  as  a  paint  for  unprovVtS 

drogen,  which  IS  analogous  to  the  mosaic  cnmnliviAn                      ""F»"^"«  «« 

gold  before  described  (§289.).    They  are  ^^™P'^^<>°- 

easily  reduced  to  salts  of  the  protoxide,  Salti  qf  Lead, 

by  adding  metallic  tin  to  their  solutions.  (J  514.)  Thb  salU  of  lead  are  all  white. 

Thqr  are  not  precipitated  by  mature  with  the  exception  of  those  which  ani 

mtb  water.  formed  with  the  coloured  metaUio  ackb. 
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The  alkalies  precipitate  from  them  a  Salts  of  Silver. 

white  hydrated  oxide ;  and  sulphuretted  (}  517.)   The   solutions  of  the  salts  of 

hydrogen  throws  them  down  of  a  black  silver    are  colourless ;    alkalies  throw 

CMOur.     The  sensibility  of  the  latter  down  from  them  a  black  precipitate, 

test  is  so  c^eat,  that  it  will  detect  the  which  is  reduced  to  the  metallic  state 

hundred- thousandth  part  of  the  metal  upon  red-hot  charcoal.      Silver,  leaci 

in  anv  solution.    Lead  is  one  of  the  few  and  mercury  in  the  lowest  state  of  oxi 

metals  which  form  an  insoluble  salt  with  dation  are  the  three  metals  which  form 

sulphuric  acid ;  and  if  the  solution  of  insoluble    salts    with    sulphuric  acid ; 

mny  sulphate  be  dropped  into  the  solu-  a  small  quantity  of  the  first,  however* 

tion  of  Bxij  of  its  salts,  a  copious  white  is  taken  up. 

deposit  will  be  produced.    It  is,  how-        The  salts  of  silver  are  precipitated  by 

ever,  soluble  in  an  excess  of  sulphuric  the  chldrides,   and  the  deposit,  when 

acid.  exposed  to  light,  changes  from  white  to 

Ferro-cjranate  of  potash  produces  a  a  deep  violet  colour.  It  is  soluble  in 
white  precipitate.  They  are  r^uced  to  ammonia ;  but  wholly  insoluble  in  water 
the  metallic  state  bv  zinc,  tin,  and  many  or  acids.  This  chloride  of  ^ver  is  re- 
other  metals.  We  have  already  de-  duced  to  the  metallic  state  by  the  greatest 
scribed  a  precipitation  of  this  nature  part  of  the  other  metals.  Silver  may 
as  an  illustration  of  chemical  affinity  be  reduced  from  its  combination  with 
ii  26.)*  nitric  acid  by  copper  and  by  mercury. 

The  salts  of  lead  have  a  peculiar  sweet  Sa//#  of  Platinum 

astnn^nt  taste,  venr  different  from  the  ^^  ^jg  )    Xhb    solutions    of    platinum 

metallic  flavour  of  those  of  other  metals,  ^j  395,^^  ^j^ch  are  of  a  yellow  colour. 

Salts  of  Copper.  are  not  precipitated  by  ferro-cyanate  of 

(§  415.)  The  solutions  of  all  the  salts  P5>**sh ;  and  this  is  a  very  distinctive 

of  copper  have  a  blue  colour  when  di-  c^iaracter.    Muriate  of  potash  and  mu- 

luted,   and  green  when  concentrated,  nate  of  ammonia  both  throw  it  down  of 

This  alone  is  sufficient  to  distinguish  a  yellow  colour,  in  the  state  of  a  double 

them  from  those  of  any  other  metal.  »^*-.,  This  metal,  having  a  very  slight 

A  small  proportion  of  potash  preci-  ^^^'^y  }^^  ^^y^J"'  ^^  precipitated  by 

ptates,  from  the  sulphate,  a  green  sub-  «^any  others,  and  even  by  silver. 
salt :  but  in  excess  it  throws  down  the  Salts  of  Gold. 

4dai^  oxide.    Ammonia  redissolves  the  (}  519.)  The  solutions  of  gold  are  also 

precipitate,  and  a  splendid  deep  blue  of  a  yellow  colour.    The  gold  is  preci- 

sdution  is  produced.  pitated  from  them  in  the  metallic  state 

Ferro-eyanate  of  potash  causes  a  red  by  proto-muriate  of  iron,  and,  as  we 

or  copper-coloured  precipitate,  which  is  have  just  seen  (}  5 1 1 ),  as  a  purple  powder 

quite  characteristic  of  the  metal    The  by  proto-muriate  of  tin. 
ooroer  is  deposited  in  the  metallic  state 

both  upon  zmc  and  iron.    The  taste  of       ($  520.)  Such  are  the  characters  by 

thesaltsof  copper  is  styptic,  and  highly  which  the  bases  of  the  principal  salts 

nauseous,  ana  they  are  all  poisonous.  may  be  distinguished;  and  which,  with 

^  .      ^  _  the   leading    characters    derived  from 

So/te  of  Mercury.  ^^^jj.  ^j^j,^  ^nd  the  properties  of  the 

<(  516.)  The  salts  of  both  the  protoxide  individual  species  which  we  have  before 

and  the  peroxkle  of  mercury  are  decom-  described,  afford  us  the  ready  means, 

posed  or  volatilized  b^  the  action  of  by  simple  and  well-directed  experiments, 

neat ;  the  ehorides  sublime ;  the  nitrates  of  recognising  any  unknown  specimen. 

are  decomposed  with  the  production  of  For  facuitating  such  examination,  every 

oxygen  and  metallic  mercury.    They  are  practical  chemist  provides  himself  witn 

precipitated  by  the  alkalies,    and  the  solutions  of  the  three  mineral  acids,  the 

precipitate  gives  off  ox]^gen  when  heated,  alkalies,  and  the  alkaline  carbonates  of 

llie  uack  deposit  wmch  is  formed  by  absolute  purity  and  of  definite  strength, 

sulphuretted  hydrogen  changes  to  the  so  calculated  that  one  measure  of  the 

edoor  of  cinnabar  when  reduced  to  an  one  will  either  neutralize  one  measure, 

impalpable  powder.     The   precipitate  or  some  simple  multiple  of  one,  of  the 

from  the  proto-salts  by  the  alkalies  is  .  other.    He  also  is  careful  that  the  so- 

l^ack ;  that  from  the  per-salts  yellow*  lutions  of  such  salts  as  he  may  employ 

Anro-^anate  of  potash  produces  a  for  re-acting  upon  the  elements  of  other 

wlatt  pvec^itiUe  irith  this  class  of  salts,  salts  of  unknoxvn  coti^\\\\x\\^ti  vc&  \q.  > 
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state  of  purity ;  and  such  solutions  he 
distinguishes  by  the  name  of  tests  or 
re-agents.  The  apparatus  in  which  all 
the  solutions,  digestions,  evaporations 
and  preci^ntations  necessary  tor  these 
purposes  are  effected  is  of  the  simplest 
nature;  and  consists  of  thin  tubes 
dosed  at  one  end,  and  called  test  tubes, 
watch  glasses,  and  small  plates  of  glass, 
and  glass  rods :  and  it  should  be  well 
impressed  upon  the  mind  of  the  student, 
that  one  of  the  most  useful  of  experi- 
mental acquirements  is  a  facility  of  effec- 
tudly  substituting  an  apparatus  or  vessel 
at  hand  for  another  that  is  wanting.  The 
smallest  quantity  of  a  re-agent  may  be 
added  to  a  drop  of  a  solution  placed  on 
a  glass  plate,  and  from  its  transparency^, 
and  the  different  positions  in  which  it 
may  be  held,  the  appearances  and 
changes  may  be  viewed  to  the  greatest 
advantage.  The  forms  of  any  crystals 
may  also  be  very  satisfactorily  deter- 
mined by  the  slow  evaporation  of  a 
amall  drop  of  their  solution  upon  a 
similar  plate.  The  facility,  the  neatness 
and  precision  with  whicn  one  who  is 


well  acquainted  with  the  resources  tf 
his  art,  will  often  proceed  to  detennias 
the  nature  of  an  unknown  body  by  the 
microscopical  changes  which  taiKe  place 
in  drops  of  different  solutions  upon  a 
slip  of  glass,  would  appear  little  lets 
than  miraculous  to  a  person  who  was 
nnacquainted  with  the  definite  natais 
of  chemical  compounds  ;  but  notfaii^ 
but  deep  study  and  persevering  pno- 
tice  can  render   a  chemist  master  of 
these  elegant  processes  fordetectii^  mi- 
nute portions  of  matter.    It  ia  impos- 
sible that  we  should,  upon  the  preaai 
occasion,  enter  upon  the  minutis  of  shs- 
mical  manipulation ;  and  as  this  treatiis 
is  only  designed  as  an  introdoetion  to  a 
complete  body  of  chemistry,  or  ^as  a 
kind  of  skeleton  to   denote  the  oon- 
nexion  of  the  different  parts,  we  most 
refer  to  future  essays  for  the  detiib 
which  will  be  necessary  to  those  who 
wish  to  become' proficients  in  thi^  useM 
and  &scinating  science. 

We  shall  now  recapitulate  the  com- 
position of  the  principal  salts  before 
descrik)ed  in  the  form  of  a  table. 


TABLE  VII. 


Nitric  Acid 
(IN  14  +  5  040) 


Salts  or  Compounds  of  the  Acids  and  Bases. 

Equiralenti. 
102     . 
86 


Nitrate  of  Potash 
Soda 

Ammonia 
Baiyta 
Lime 
Copper 
Lead 
Protonitrate  of  Mercury 
Pemitrate  of  ditto 
Nitrate  of  Silver 
( Chlorate  of  Potash 
{  Soda 

I  Baryta 

Chloride  of  Potassium 

Sodium 
Muriate  of  Ammonia 
Chloride  of  Barium 

/  i^/^r*f  i^^^i  V  Protochlorid^'if  Copper 
(1  C  36  +  1  H  1)   perchloride  of  ditto 


71 


Chloric  Acid 
(1C36  +5  O40 


+  9W 

132 

82 

188 

166 

262 

486 

172 

124 

108 

154 


1  N  54  + 

1  N  54  + 

1  N54  + 

1  N54  + 

1  N  54  + 
2N108  + 

1  N  54  + 

1  N  54  + 

1  N  54  + 

1  N  54  + 

1  C76  + 

1  C  76  + 

1  C  76  + 


1  P48 

1  8  32 
lAl7+iW» 

1  B  78 

1  L28 

1  C80 
IL  lis 
1  M208 
2M:43S 
S  U8 
1  P48 
1  S  32  : 
1  B78 


148     1  P  C  100    +     IP  48 


76 
60 


C36 
C36 


54  +  9W1  M37 


Iodic  Acid 


Chloride  of  Lead 
Protochloride  of  Mercury 
Perchloride  of  ditto 
Chloride  of  Silver 


(lI124+fo40)}^«l»'«<>^P<>'"J»      • 
Hydriodic  Acid  iHydriodate  of  Potash 
(II 124+1  Hi  f  Ammonia 


106 

5& 

100 

136 
140 
236 
272 
146 

212 

173 
142 


C36 
C  36 
C  36 
C72 
C36 
1  C36 
2C  72 
1  C36 


1 
1 
1 
2 
1 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


1  I  164    + 

1H125  + 
1H125  + 


1P40 

1  824 
IA17  +  1W9 
IB  70 
lCa88 
1  Co  64 
1  Co  84 
1  L  104 
1  M200 
1  M200  ' 
1  S  110    ' 

1P48 

1P48 
I  A  If 
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i  Sulphate  of  Potash 
Bisulphate  of  ditto 
Sulphate  of  Soda 

Ammonia 
Baryta 
Lime 
'SalphuTie  AckL   ^  Magnesia 

(1316  +  3  O  24)  Alumina 

Protosulphate  of  Iron 
Persulphate  of  ditto 
Sulphate  of  Copper 
Protosulphate  of  Alercury 
Persulphate  of  ditto 
Sulphs^e  of  Silver 

Solphnretted  Hy-ln^j^^jg^  buret  of  Potash 
OsSrrH,))  Ammoma 

Phoiphonc  Acid  IPhosphate  of  Soda 
(1  Pl2  +  20  16)>  Lead 

I  Carbonate  of  Potash 
Bicarbonate  of  ditto 
Sesquicarbonate  of  ditto 
Carbonet  of  Soda 
Bicarbonate  of  ditto 
Sesquicarbonate  of  ditto 

rt^n '^A-A      Carbonate  of  Ammonia 

.S?™?*^^^,./Bicarl)onate  of  ditto 

Sesquicarbonate  of  ditto 
Carbonate  of  Baryta 
Lime 
Magnesia 
Iron 

ST?2  0U,  fBoratcofSoda 

Chromic  Acid    1  Chromate  of  Potash 
(1 C  28  +  3  O  24) /Bichromate  of  ditto 
Hydrofluoric  Acid  i  Hydro-fluate  of  Ammonia 
n  F  18  +  1  H  1)  jFluoride  of  Calcium 


EqulTalcott 
88 
128 
72 
C6 
118 


68+18W1840 
60  IS  40 

58  1  S40 

76  1  S  40 

100  liSCO 

160+90W2S80 


(1C6  +  2  016) 


1  S40     4-  1  P48 

2  S  80    +  1  P  48 
1  S40    +  1  So32 
1S40    +  1A17  +  1W9 
1  S  40     +  1  B  78 

+  1L28+2W18 

+  1  M  20 

+  1  A  18; 

+  1136 

+  1  140 

+  1C80+10W9O 

248         ]  S  40     +  1  M  208 

296         2S  80    +  1M216 

158         1  S  40    +  1  Si  118 

65  1  H  17    +  1  P48 

34  1H17    +  1A17 

60  1  P  28     +  1  S  32 

140         IP  28     +  1L113 

70  1C22     +  1P48 

92  2C44     +  1P48' 

81  liC33   +  IP  48' 

54  1  C  22     +  1  S  32 

76  2  C  44     +  1  S  32 

65  1  C  33    +  1  S  32 

39  1  C  22     +  1  A  17 

+  1A17  +  2W18 

+  lAl7-hlWl> 

+  1  B78 

+  1  L  28 

+  1  M  20 

+  1  136 

+  1C80  +  1W9 

1  C  22     +  1  L112 

76  2B44    +  1S32 

100         1C52     +  IP  48 

152         2C  104  +  1  P.48 

36  IH  19    +  1  Al7 

38  1  F  18     +  1  C  20 


61+18W2C44 
50  +  9W14C33 
100         1  C  22 
50  1  C  22 

42  1  C  22 

58  1  C  22 

102+  9  Wl  C  22 
134 


(}  521.)  The  very  confined  limits  im- 
posed upon  us  oblu;e  us  here  to  tcr- 
■mate  this  condensed  account  of  the 
Chemitirjf  of  Inorganic  Substances. 
The  stucwnt  who  sludl  have  attentively 
ioDowcd  OS  thus  far  wiU,  it  is  hopedf, 
btre  formed  such  an  acc^uaintance  with 
Ihofe  forms  of  matter  which  the  present 
ftite  of  our  knowledge  obliges  us  to 
eonnder  as  elementary  (or  ultimate 
principleg),  and  of  the  simple  laws  by 
vbich  th^  combine  and  form  com- 
povmds  capable  of  further  definite  com- 
oinstjon  (and  which  may  be  designated 
9M  proximate  principles)^  as  well  as  of 
Ihe  stiD  simple  products  of  these  latter, 
ift  which  all  chemical  affinities  seem  to 
ht  sttonted,  as  may  enable  him  to  un- 
dcntead  the  more  complicated  and  ob- 
nn  voduets  of  the  orsamc  creation* 
In  A»inor(uucdcpanmentof  Nature 


which  we  have  liitherto  discussed,  the 
ultimate  principles  are  numerous :  but 
they  generally  unite  in  binary  combi- 
nations, and  by  the  direct  union  of  such 
binary  combinations  others  are  finally 
produced.  In  the  products  of  the  or- 
ganic department,  upon  which  we  are 
next  to  enter,  under  the  mysterious 
agency  of  vegetable  and  animal  life,  the 
ultimate  principles  are  far  less  varied ; 
but  there  is  much  more  diversity  in  the 
modes  in  w^hich  they  are  combined. 
The  elementary  substances  and  the  laws 
of  affinity  are  the  same  in  both  ;  but 
instead  of  the  mere  binary  combinations 
of  the  mineral  kingdom,  the  vegetable 
and  animal  kingdoms  present  us  with 
individual  compounds  in  which  the  affi- 
nities of  tluee,  four,  or  more  substances 
are  balanced  in  complicated  states  of 
unloD.   It  ii  this  comparative  simplicity 
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of  construction  vrhich  confers  upon  the  nently  elastic  fluids,  and  *Jncapable  of 
various  compounds  which  we  have  been  assuming  the  liqiud  form  by  any  means 
considering  a  permanancv,  under  ordi-  at  present  known  tons,  and  are  also 
nary  circumstances,  which  is  commonly  nearly  insoluble  in  every  liquid :  the 
wanting  in  the  classes  which  remain  for  second  is  as  permanent  a  solid,  inca- 
description:  they  are  in  general  little  pable  of  fusion,  and  insoluble  in  any 
liable  to  spontaneous  changes,  and  the  known  menstruum ;  consequently  the 
balance  of  their  affinities  is  not  easily  elasticity  of  the  former  and  the  cohesion 
subverted.  The  relative  force  of  attrac-  of  the  latter  present  obstacles  to  their 
tion  by  which  their  principles  are  united  combination,  which  the  force  of  affinity 
can,  in  some  measure,  be  estimated,  and  is  incapable  of  overcoming.  ($  3.)  The 
the  circumstances  by  which  that  attrac-  action  of  a  high  temperature  alone, 
tion  is  modified  determined ;  so  that  by  under  such  circumstances,  could  give 
presenting  these  principles  to  each  other  efficiency  to  the  latter ;  but  luch  a  tem- 
under  these  circumstances  we  can  effect  perature  is  inconsistent  with  the  exiit- 
their  combination,  or  form  compounds  ence  of  any  organised  body, 
of  precisely  the  same  properties.  We  (}  522.)  An  analogous  instftnce,  boir- 
-can  analyse  these  compounas  with  ecjuid  ever,  presents  itself  to  us  in  the  minerd 
facility,  or  by  a  simple  decomposition  kingdom  in  the  class  of  silicious  OQm- 
separate  their  principles  so  as  to  obtain  pounds,  respecting  which  there  exists 
them  isolated.  Theu*  composition  can,  more  uncertainty  than  with  re^^ard  to 
therefore,  be  ascertained  with  accuracy,  any  other  products  of  inorganic  che- 
and  not  only  the  nature  and  proportions  mistry.  ^\  e  are  unable  to  imitate  the 
of  their  constituent  parts,  but  the  modes  various  combinations  of  silex  wiATDther 
in  which  these  are  combined.  oxides  which  arc  presented  to  us  in  na- 
The  chemical  characters  of  vegetable  ture ;  and  although  the  art  of  analysis 
and  animal  products  are,  as  we  shall  can  reduce  them  to  their  elements,  and 
hereafter  see,  altogether  difiPerent  As  assiures  us  of  their  definite  compontioiw 
they  always  consist  of  three  or  more  the  infusibility  and  insolubility  of  their 
principles  which  have  strong  mutual  principal  ingredient  renders  it  impofsibic; 
attractions,  the  balance,  by  which  any  m  most  cases,  to  bring  into  play  tbe 
particular  compound  exists,  is  easily  affinities  which  would  doubtless  be  de- 
disturbed;  the  principles  have  a  ])er-  veloped,  if  the  strong  opposing  power  of 
petual  tendency  to  react  on  each  other,  cohesion  could  only  be  overcome.  We 
and  form  new  combinations,  and  the  are  thus  deprived  of  that  hieher  deg^ 
slightest    alteration    of   circumstances  of  certainty  with  regard  to  the  constitn- 

S'ves  efficiency  to  this  tendency.  Hence  tion  of  these  bodies,  which  forms  the 

ey  are  liable  to  spontaneous  changes  perfection   of  chemical  demonitnfioQ 

from  alterations  of  temperature;    and  [i  47,).    It  is  on  this  account  that  we 

water,  which,  in  the  class  which  we  have  refer,  as  we  have  before  stated  (( 186.)| 

been  considering,  under  ordinary  cir-  to  the  Treatise  on  Mineral  Analyiia  fiv 

cumstances,  only  exerts  that  minor  de-  an  account  of  those  peculiar  natiinl 

gpree  of  chemical  affinity  by  which  solu-  products  of  the  mineral  kingdom, 
tion  is  effected  ($  1 2),  becomes  with  them,        (}  523.)  We  are  not,  however,  to  m* 

imder  similar  circumstances,  decomposed,  pose  that  the  two  great  branches  of  toe 

and  introduces  new  elements  of  change,  science,  inorganic  and  organic  ehemistiy 

From  our  ignorance  of  all  the  neces-  are  totally  separated  from  one  another 

aary  conditions  of  the  problem,  we  are  by  the  marked  line  of  distinction  which 

also  unable  artificially  to  balance  the  we  have  been  pointing  out:  there  are 

attractions  of  the  principles  of  which  no  such  defective  hnks  in  the  great 

organic  bodies  are  formed,  or  to  place  chain  of  natural  knowledfjpe.    The  ^- 

them  under  the  circumstances  under  sion  is  artificial;  and,  like  other  in- 

-which  they  were  brought  into  union  in  stances  of  classification,  insistMl  on  as 

the  vessels  of  the  animal  or  plant;  and  a  help  to  memory.    The  two  difisions 

xan  seldom,  therefore,  form  compounds  amalgamate,  as  we  shall  find,  at  varioua 

of  a  similar  nature.  points  in  the  order  of  nature :  and  not 

Another  cause  of  the  grand  distinction  the  least  interesting  part  of  our  futore 
which  exists  between  the  chemistry  of  researches  will  be  into  the  action  of 
inorganic  and  organic  substances  may  mineral  upon  vegetable  and  animal  pro- 
be found  in  the  nature  of  those  elements  ducts,  and  the  various  combinations  of' 
which  constitute  the  basis  of  the  latter ;  inoi^nic  with  organic  principles ;  whidi 
these  are  oxygen,  hydrogen,  nitrogen,  are  the  real  creations  of  art  woridiq; 
and  carbon:  Uie  three  first  are  perma-  Vv\Yi\!he  i^o^n^t^  ol  ivalMxe«  « 
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r  is  that  branch  of  natural  his-  by  natural  causes  or  by  aiiificia]  means, 

hich  relates  to  the  structure.  In  order  to  apply  the  knowledfi:e  of 

ction,  classification,  and   uses  such  objects  usefully,  and  to  render  it 

e  objects  in  the  ors^anic  world  available  to  others,  arrangement  and 

fe  call  plants.    In  the  lang:uag:e  method  are  indispensable ;  not  only  in 

i  persons,  indeed,  it  is  confined  regard  to  the  ideas  derived  from  a  con- 

lere  explanation  of  the  art  of  sideration  of  the  nature  of  plants,  but 

in^  plants,  and  to  the  power  of  in  regard  to  plants  themselves. 
uch  classifications  so  as  to  as-        Hence  four  grand  divisions  of  the 

the  name  of  a  given  species  science  of  botany  into^ 

rtainty ;  by  others  it  is  allowed        -  «  -n  u*  u  

prchend   a  knowledge  of  the        I.  Structural  Botawy;  which  com- 

•^kinds  of  structure  which  we  prebends  whatever  relates  to  the  laws 

ith  in  the  vegetable  kingdom,  of  vegetable  structiiit?,  whether  exter- 

Tcely  to  extend  beyond  those  "^  ^^  inieniB\,  independently  of  the 

^artments.    But,  in  reality,  the  P««^"^  °^  *  ^^*^  pnnciple. 
3f  these  objects,  however  impor-       u.   Physiological    Botany;    to 

only  a  collateral  branch  of  the  ^^^i^h  belongs  all  that  concerns  the 

;  and  the  latter  is  but  a  portion,  ^ij-^ory  ^f  vegetable  life,  from  the  mo- 

:h  an  essential  one,  of  those  in-  ^ent  when  the  vital  principle  is  im- 

:ions  from  which  botany  derives  parted  to  the  seed  and  the  plant  first 

n  to  the  rank  of  science.  breaks  its  shell,  to  the  period  of  death : 

rtudy  of  the  works  of  nature,  explaining  the  functions  which  the 

idently  of  its  contnbuting  in  a  various  organs  are  destined  to  perform ; 

a  degree  to  elevate  the  mind  of  ^he  changes  they  undergo  in  health  or 

id  to  bnng  him  into  communion  sickness,  and  under  all  the  influences 

IS  Creator,  IS  of  great  conse-  exercised  by  climate,  seasons,    acci- 

M  being  the  means  by  which  jgnts,  or  the  art  of  man. 
ibled  to  compel  all  living  things 

ster  to  his  comforts,  his  plea-        HI.  Descriptitb   Botany;    from 

>r  hb  necessities.    It  is  to  the  which  we  learn  the  art  of  desciibinji^ 

bjects.  chiefly,  that  naturalists  plants  with   accuracy,  so  that  their 

direct  their  attention ;  because  characters  maybe  recognized  with  cer- 

stly  supposed  that  all  higher  tainty  by  others,  and  of  giving  to  plants 

rations  of  necessity  grow  out  of  names  l^  which  they  can  be  mentioned 

estigations  in  which  we  must  without  conflision    when  written  or 

,  in  order  to  apply  any  branch  spoken  of. 
ral  history  to  practical  purposes. 

mperties  of  vegetable  produc-       IV.   Systxmatic   Botany  ;  which 

ritn  reference  to  their  utility  to  explains  the  principles  upon  which  are 

id.  are  influenced  by  the  species  determined  the  mutual  relations  that 

Kies  iVom  which  they  are  de-  combine    the    seemins:]y    discordant 

try  the  mechanical  structure  or  members  of  the  vegetable  kingdom 

if  composition  of  the  part  of  into  one  harmonious  whole ;  and  which 

tit  made  use  of;  and  by  thephe-  teaches  the  art  of  distinguishing  any 

I  ajid  changes  connected  with  plant  from  all  others,  so  as  alwajrs  to 

tion  of  the  vital  principle  of  determine  its  name  with  precision, 
ion,  which  may  be  considered       These  subjects  we  shall  treat  \ti1^ 

independently  of  external  cir-  order  in  wVucVv  lYi^^  Yvvi^  Xs^TVT^^Tir 

ateB,  or  whea  controUed  either  tioaod*  ^ 
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odoraU),  or  the  heut* •-«■««  CfvUA  to- 
color).    The  latter  coiuiita  o(  k  num- 

ber  of  green,  or  yellow,  or  purple  part^ 
arranged  sym metrically  upon  ft  gntt 
angular  axis,  which  puta  forth  uihJr 

f  round  many  slender  nhttiah  thready 
ivided  in  an  irregular  manner.  The 
g^reen  angular  axis  ifig.  1,  a)  is  the 
A  PLAWT  is  a  living  body,  deprived  of  «"».  the  slender  threads  (6)  are  fw*, 
sensation  or  power  of  moving  from  Upon  the  stem  are  placed,  at  eaual 
place  to  place,  and  fed  by  means  of  distances,  certain  flat,  green,  toothed 
external  roots.  bodies,  which  gradually  taper  inio  a 

Animals,  on  the  contraiy,  are  en-    thin  stalk ;  il  is  almost  superfluoui  to 
dowed  with  sensation  and  the  power  of    say  that  these  are  fcoiw  (e).    At  the 
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Chaptbk  I. 

A  general  view  of  the  external  Stnie- 

ture  a/  a  Plant  cumplete  in  all  it* 

Partt. 
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voluntary  motion  fram  place  to  plac  . 
and  are  fed  by  means  of  an  internal 
bag  consisting  ofone  or  more  stomachs. 
These  differences  are  readily  enough 
observed  between  animals  and  plants 
of  ihe  higher  and  more  perfect  grades ; 
but  thcruare  many  of  the  more  minute, 
and  apparently  more  simple,  kinds 
which  it  may  appciir  difficult  to  refer 
with  certainty  to  either  of  the  above 
classes.  Aquatic  animals  of  the  poly- 
piferoLis  kind,  for  instance,  have  not 
only  very  much  the  aiipearanue  of  a 
plant, being  attached  to  rock^by  a  sort 
of  root ;  but  acluallv  grow,  as  plants 
do,  bv  the  continual  emission  of  new 
brancnes.  Marine  plants,  like  these 
animals,  derive  no  food  from  their  ap- 
parent root,  and  seem  to  have  a  sort  of 
universal  external  stomach  :  while 
some  of  the  minuter  kinds  of  filnmcnl- 
ons  aquatic  plants  or  sea-weeds,  after 
being  detached  from  the  soil  by  acci- 
dent or  otherwise,  continue  to  grow  as 
thi'y  float  in  the  water,  and  ollen  ap- 
pear to  have  a  certain  degree  of  motion, 
when  it  may  be  difiicult  to  ascertain 
with  certainly  whether  it  be  owing  to 
internal  volition  or  to  external  physical 
influences.  In  these  cases  the  mode 
ofnutrilion  is  the  only  certain  test  by 
which  the  objects  in  question  can  be 
referred  to  one  of  the  great  kingdoms 
of  animals  and  plants. 

It  is,  however,  obvious,  that  what' 
ever  difficulties  may  attend  the  distin- 
guishing of  plants  from  animals  in 
particular  cases,  their  differences  are,  bMse  of  each  leaf  are  placed  two  other 
generally,  sufficiently  apparent.  With-  thin  green  parts  frf),  which  aj«  veiy 
out  occupying  ourselves,  then,  with  a  like  the  leaves,  only  they  are  smaller, 
question  which  belongs  to  the  theory  of  and  are  deeply  trashed  near  the  bottom 
creation  more  than  to  botany,  let  us  instead  of  tapering  into  a  stalk ;  to 
cast  a  hasty  glance  over  the  structure  these  is  given  the  name  of  flipulet. 
of  some  plant  in  which  is  pn'sent  every  The  axis,  consisting  ofstem  and  root, 
organ  that  is  usually  met  with  in  what  together  with  the  leaves  and  stipulei, 
we  consider  a  species  complete  in  all  forma  the  organ*  qf  vegetation;  v> 
itiparls.  named  because  they  have  no  oHkt 

Such  s  plant  is  the  violet  (Violt.   deutina^vii^  th«a  U>  etUbble  &  pUot  to 
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lite  and  grrow,  and  perfonn  those  vital  comprehends  every  part  that  is  em- 

Bctions  which  are  not  connected  with  ployed  by  nature  in  the  formation  of 

the   office   of  spontaneous   propaga-  the  loftiest  tree  of  the  forest ;    the 

tion.  difference  in  size  between  it  and  a  tree 

From  the  angle  (e),  formed  by  the  being  caused  by  nothing  more  than 

Junction  of  the  leaf  with  the  stem,  an  endless   multiplication  of  similar 

which  is  called  the  axil,  springs  a  parts  of  vegetation,  constructed   al- 

alcnder  anofular  stalk,  on  the  top  of  ways  upon  a  similar  plan,  adjusted 

which  the  flower  is  seated.    This  stalk,  to  each  other  in  the  most  admirable 

called  the  peduncle^  has,  near  its  upper  manner,  and  all  working  in  perfect 

end,  a  couple  of  little  scales  (/)  named  harmony  and  order.      The    stem    in 

drarU,  which  are  of  a  nature  interme-  the  heart*s-case  perishes  every  year; 

di ate  between  the  organs  of  vegetation  in  an  oak  it  lives  from  year  to  year 

and  those  of/ruetiflcation.    The  latter  and  from  age  to  age,  constantly  aug- 

name  is  given  to  the  parts  of  a  flower,  menting  in  size«    This,  however,  is  not 

because  their  office  is  exclusively  to  owin<r  to  any  material  difference  in  the 

enable  a  plant,  by  fructifying,  to  mul-  structure  of  the  two  species,  but  to  a 

tiplv  its  species  spontaneously.  specific  power  of  prolonged  vitality  in 

The  Jlower  consists,  externally,  of  trees,  which  plants  like  the  heart's- 

five  small,  narrow,  green  leaves  (g)^  ease  are  destitute  of.  To  make  this  more 

called  sepaU,  and  of  the  same  numl>er  intelligible,  suppose  a  heart's-ease  to 

of  larsfer  yellow  and  purple  leaves  (A),  produce,  in  the  course  of  the  first  year 

called  petais:  the  sepals  taken  col-  of  its  life,  a  stem  with  twenty  leaves, 

lectively  form  a  calyx,  and  the  petals,  and  that  its  stem  is  hard  andpe<ennial, 

in  like  manner,  form  a  corolla.    These  instead  of  soil  and   annual.      In  the 

tiKO  we  odennsLxnedJloral  envelopes,  secpnd  year,  its  stem,  by  virtue  of  a 

Within  the  petals,  and  quite  hidden  power  hereafter  to  be  explained,  m}w 

from  view  by  the  bases  of  those  organs,  form  a  new  branch  at  the  axil  of  each 

until  they  are  pulled  off,  is  a  row  of  of  its  twenty  leaves ;  and  as  the  second 

five  thin,  pale-yellow  parts  (i)  sticking  branches  may  be  as  large,  at  lenst,  as 

together  a  little  by  their  edges,  but  the  first,  it  may,  therefore,  multiply  its 

separated  from  the  oody  they  surround;  dimensions  twenty  times.    In  the  third 

they  are  named  stamens,  and  are  the  year  the   same    operation  may  take 

fertilizing    apparatus    of  the  flower,  place;  and  the  consequence  of  this 

They   surround  a   hollow    body    (k)  will  be,  an  augmentation  equal  to  lour 

tapering  into  a  zigzag  cone,  and  ter-  hundred  times  its  original  dimensions ; 

minating  in  a  globular  head :  this  is  and  so  on  in  a  geometrical  ratio.    At 

the  fnictifying  apparatus,  and  is  called  this  rate  a  heart  s-ease  would  soon  de  - 

the  pistil;  within  its  hollow  base  may  velop  into  an    enormous  tree;    and 

be  round  the  young  seeds,  which  we  although  that  species  never  does  so 

name  ovules,  from  their  resemblance  change  its  nature,  yet  it  is  quite  true 

to  little  eggs,  or  ova.  that  every  tree,  in  the  first  year  of  its 

By  certain  curious  operations,  which  existence,  is  formed  upon  a  plan  ana- 
need  not  now  be  explained,  the  pistil  is  logons  to  that  of  the  liearl's-ease,  and 
fertilized  ;  after  which  it  swells,  alters  never  more  complicated  ;  and  that  its 
its  form  and  texture,  and  at  last  be-  subsequent  growth  into  a  giant  of  the 
comes  the  fruit  (/),  which  is  hard  and  forest  takes  place  upon  the  plan  that 
diy,  splits  into  three  pieces,  and  sheds  has  just  been  adverted  to  in  a  suppo- 
the  seeds  which,  by  that  time  are  ripe  sititious  case. 

and  fully  formed.    The  seed  (m)  con-        The  adaptation  of  all  these  parts  to 

sists  of  a  shell,  containing  a  quantity  the  maintenance  of  a  perfect  system  of 

of  fleshy  matter  (o),  from  its  resem-  life,  in  which  each  organ  performs  its 

blance,  in  use,  to  the  white  of  an  ef;^^,  allotted  office   with  unvarying  regu- 

called  albumen ;  in  the  midst  of  which  larity  and  with  the  most  admirable 

lies  an  embryo  plant  (n),  which  is  sup-  harmony,  so  that  no  one  interferes  with 

posed  to  be  nourished  by  the  albumen  another,  is  among  the  most  beautiful 

until  it  breaks  the  shell  and  is  strong  instances  of  contrivance  in  the.  crea- 

enough  to  gain  its  food  for  itself.  tion.     It  is  the  especial  business  of 

Such  if  the  heart's-ease ;  such  are  phjrsiological  botany  to  explain  this, 

the  orgmns  which  constitute  the  fabric  which  will  therefore  be  the  subject  of 

of  all  the  most  perfectly  constructed  detailed  illustration  l\eTea.^Vet,    vwVW 

plaatii    Lowly  %  species  as  it  is,  it  meanvrbUe,  a  brat  ^x^xViv^'cv  ol  ^^ 

^1 
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leading  functions  of  the  several  cixans  ing  the  motes  to  adhere  to  iL    Hen 

will  render  the  account  we  shall  have  the  motes,  which  in  re«lit]r  are  hoUov 

to  g^ve  of  their  structure  more  interest-  globes,  filled  with  fert'diiing^  raMm, 

ing  to  the  general  reader  than  it  other-  absorb  the  circumambient  moiitiins, 

wise  would  be.  distend,  and  at  last  discharge  apoa  the 

The  root  is  the  part  which  attracts  humid  point  of  the  pistil  that  matter 

the  liquid  food  of  plants  from  the  soil  whose  mysterious  influence  is  to  caini 

in  which  it  is  mingled,  and  impels  it  up-  the  pistil  to  fructify.     This    aeoom- 

wards  into  the  woody  part  of  the  stem,  plished,  the  stamens  wither  and  die; 

Once  introduced  into  the  system  of  a  but  the  pistil,  to  which  a  new  life  hu 

plant,  this  food  becomes  aJtered  from  been  thus  imparted^  goes  on  growing 

what  it  originally  was,  and  is  called  sap,  and  swelling ;  the  ovules  distendt  ud 

Sap  rises  through  the  woodv  part  of  occupy  all  the  cavit3r  (tf  the  pistil ;  re 
the  stem,  dissolving  what  soluble  Inat-  their  inside  a  little  being  is  bocn,  which 
ter  it  meets  in  its  passage,  and  at  last  feeds  upon  the  liquid  albumen*  and  at 
is  impelled  into  trie  leaves.  Having  last  assumes  the  form  of  a  microsoopie 
arrived  in  those  organs,  it  loses  water  plant.  When  this  takes  place,  the 
by  evaporation;  peculiar  chemical  parts  of  the  pistil  lose  their  green 
cnanges  are  produced  in  it  by  exposure  colour,  and  assume  the  livery  of  death; 
to  solar  light ;  and  at  last,  having  been  the  integuments  of  the  ovule  hardeoi 
converted  into  the  secretions  peculiar  seeds  are  formed,  and  in  order  to  enable 
to  the  species  in  which  it  is  formed,  it  them  to  escape  from  the  prison  ii 
is  returned  from  the  leaves  back  into  which  they  are  locked  up  witiiin  th^ 
the  stem,  down  which  it  descends,  parent  fruit,  the  sides  of  the  latter  give 
through  the  cortical  layer  or  bark,  way,  either  by  rending,  or  splitting,  or 
passing  off  laterally  into  the  centre  of  decaying,  and  allow  the  seed  to  fell 
the  woody  matter  in  its  downward  upon  the  earth.  There  it  lies  till  the 
course.  In  the  bark  and  the  centre  of  hour  for  its  further  progress  is  at  hand, 
the  stem  a  considerable  proportion  of  when  the  moisture  m  tne  soil  beoooMi 
the  peculiar  secretions  from  the  sap  is  warmed  by  the  rays  of  the  sun;  a 
finally  stored  up,  and  eventually  all  stimulus  is  thus  communicated  to  the 
those  substances  which  it  is  necessary  embryo  plant,  which  swells,  lengtheni; 
that  the  plant  should  get  rid  of  are  pushes  forth  a  tiny  root  through  aa 
passed  oft  into  the  earth  again  by  the  opening  in  its  shell,  and  at  last  dis- 
roots. Thus  an  ascending  current  of  engaging  itself  altogether  from  its 
crude  sap,  a  descending  flow  of  ela-  hani  integuments,  unfolds  its  little 
borated  sap,  and  a  lateral  deposit  of  leaves,  I'ears  its  stem  into  the  air, 
the  latter  in  the  stem,  are  going  on  dur-  pushes  its  roots  down  into  the  soil, 
ing  all  the  time  that  a  plant  is  in  a  and  thus  establishes  itself  as  a  new 
prrowing  state ;  and,  in  consequence  individual,  with  power  to  bear  all  the 
ol*  special  routes  being  assigned  to  each  organs,  to  undergo  all  the  vicissitudes, 
of  these  currents,  they  act  without  in  and  to  accomplish  the  same  destiny  as 
the  slightest  degree  interfering  with  the  parent  from  which  it  sprang, 
each  other.  By  what  particular  vessels  This  may  be  considered  a  oorrett 
and  by  what  microscopic  apparatus  view  of  the  course  of  many  a  vegetafak 
this  vegetable  laboratory  is  kept  in  life ;  no  doubt,  there  are  many  modifi- 
action,  will  be  fully  explained  hereafter,  cations  of  all  these  phenomena,  and 

In  the   flowers  the  calyx  and  the  even  some  exceptions  to  them,  but 

petals  may  be  supposed  to  act  to  a  with  these  we  are  not  to  occupy  our- 

certain  extent  as  leaves,  to  furnish  food  selves  in  the  present  place, 
^r  the  stamens  and  the  pistil,  which  are 

enclosed  within  them.  The  stamens  and  Chaptbr  II. 

pistil  continue  to  increase  with  equal  ^  -  ^,     .  .      , .  •        -   ^      ,        , 

steps  up  to  a  certain  period,  wHich  0/ the  de^eetn  which  perfect  external 
is  the  maturity  of  the  former,  and  the  Structure  u  departed  from. 

commencement  of  a  new  growth  in  Although  all  the  parts  just  named 

the  latter.     At  this  time  the  upper  concur  in  the  formation  of  a  plant  of 

part  of  the   stamen  bursts  and   dis-  the  most  perfect  kind,  there  is  not  one 

charges  a  fine  powder,  the  motes  from  of  them  that,  in  one  species  or  ano- 

which  fall  upon  the  tip  of  the  pistil,  ther,  is  not  either  altogether  wantingi 

irhich,  at  that  particular   time,  be-  or  so  altered  in  its  nature  as  scareely 

comes  viscid,  for  the  purpose  of  cans-  to  be  rcco^ised.    The  root  itaelf»  bgr 


whieh  the  food  it  conYCjred  into  the 
bodf,  it  tcarcdy  pmeiit  in  such 
diftnnB  plant!  u  aeaweeda,  and  even 
in  the  oodder  (Ciucutm)  which  growi 
npon  heathi,  and  the  miatletoe,  which 
tutens  itMiraa  a  parasite  upon  other 
■pecieii.  it  ia  so  mdimentuy  aa  to  be 
aearcely  capable  of  action. 

The  stem  in  numemui  ipeciei  is  so 
■hort  ai  to  be  almost  invisible.  Leaves 
are  frequently  mere  scales  which  drop 
otf  almost  a*  soon  as  they  are  formeo, 


Scult  to  say  whether  the  pert 
that  really  exists  is  the  one  or  the 
other.  BtipulesareBSonenwantingas 
present.  Bracts,  in  like  manner,  are 
frequently roistinf!.  Ofthefloialenve- 
lopes,  sometimes  the  corolla  is  absent, 
as  in  the  mesereon ;  and  sometimes 
both  calyx  and  corolla,  as  in  thewillow. 

Even  the  itamenx  and  pistils  them- 
selves disapipear  in  a  larf^  number  of 
plants.  It  is.  however,  to  be  remarked 
that  this  latter  circumstance  is  always 
attended  with  a  corresponding  imper- 
fection in  the  whole  of  the  other  orjians, 
and  is,  therefore,  beroreatlother  thinij^ 
considered  an  indication  at'  a  greater 
degree  of  general  imperfection.  Ferns, 
for  instance,  in  which  this  occurs,  have 
neither  calyx  nor  corolla,  nor  is  their 
stem  like  that  of  other  plants;  in 
mosses,  moreover,  the  leaves  are  mere 
scales;  inlichrns,  the  whole  plant  con- 
sists ofbut  aflat  plate  composed  of  leaf 
find  stem  combined,  with  nothing  for 
Iheir  seeds  but  excessively  minute  tran- 
sparent bladdem;  and,  fin^y,  some 
confervR  and  I'nnei  are  destitute  at  once 
of  every  one  of  the  usual  organs,  con- 
■isling  of  nothing  but  a  cell  or  two  of 
exceedingly  small  size,  in  which  the 
essence  or  root,  stem,  leaf,  flower,  and 
fruit,  without  the  lorm,  is  supposed  to 
be  comprehended. 

From  these  causes  the  diversity  of 
appesnnce  in  the  vegetable  kingdom 
IS  very  great.  But  an  examination  of 
all  the  oigans  in  detail  will  show  that 
ereiy  species  is  in  that  state  which  is 
best  adapted  to  the  purpone  for  which 
it  is  destmed;  and  that  plants,  from  the 
extremely  simple  plan  upon  which 
even  those  which  are  apparently  moat 


tuiMima  efeao  orgui  (o  Mother. 
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0/tAg  Sha  of  a  Ptanl.  imd  the  Paris 
cnnnectedthertwitk.  StomtUe*.  Hairs, 
GlatuU,  Stingt.  Scurf,  Priekle*. 
Otrr  every  part  of  a  plant  exposed  to 
the  air,  except  the  stigma,  is  extended 
a  akin,  which  serves  at  once  to  hold 
together  and  protect  the  parts  beneath 
it.  To  the  eye,  even  when  assisted  by 
powerful  microscopes,  it  usually  ap- 
pears to  be  a  thin  Iran-iparent  mem- 
brane, traversed  by  veins  armnged 
with  regulnrity  in  a  netted  manner. 
The  meshes  formed  by  the  suppose<l 
veins  are  sometimes  long  hexagons 
y%f.  2,  a) ;  sometimes  nearly  regular 

Fig.  2. 


ones  (2,  rf).  resembling  ver)r  much  the 
panes  of  glass  in  some  Gothic  window  ; 
or  they  are  some  other  figure  more  or 
less  approaching  the  hexagon.  More 
uncommonly  they  have  an  exceedingly 
wavy,  curled  ouUme,  as  in  the  common 
polypody  (Folypodium  vulgare)  (2,  c); 
and  occasionally  they  are  bounded  by 
undulated  parallel  lines,  as  in  thewhite 
lily  (Liliumcandidum)  (2.6).  In  some 
instances  the  skin  can  be  peeled  off 
readily;  in  others,  it  adheres  so  firmly 
to  the  substance  beneath  it,  that  it 
cannot  be  separated. 

But  if  it  IS  examined  with  greater 
care  and  better  glasses,  it  will  be  found 
to  be  by  no  means  a  simple  membrane 
as  it  appeared  at  first  sight.  By 
making  extremely  thin  slices  of  any 
part  of  a  leaf  for  instance,  perpendicu- 
lar to  its  surface,  and  placing  them  in 
water  under  a  powerful  mvCTt»CQ^,M% 
find  that  \\ia  B.^faKn\.  ^a%vIlWv^'i  vi 
in  reaLly  ao  eTtce»«."i«\'i  'Wh*.  ^ns.«i 


•  BOTANY. 

formed  by  the  ^rowint;  toother  of  a  soft,  and  readily  permeable  to  water  in 
vast  multitiule  of  little  bladders  or  a  gaseous  state,  but  in  leaves  exposed 
cells,  squeezed  flat,  filled  with  air,  and  to  much  heat  and  drjrneta  it  beoooui 
joined  by  their  edges,  which  are  what  proportionably  thick  and  hacd;  in 
^ive  the  appearance  of  veins  to  the  succulent  plants  in  which  evaporation 
skin  when  it  is  peeled  o£f.  is  hinderea,  in  order  that  their  cuomietl 

The  tliickness,  the  form,  and  the  condition  may  be  insured,  more  laym 
number  of  layers  of  these  little  bladders  than  one  of  cuticle  are  often  present; 
arc  variable  m  different  species ;  being  and  flnally,  in  the  oleander,  which  hai 
apparently  diversified  according  to  the  to  bear  the  parched  atmosphere  of  t 
different  circumstances  under  which  Barbaiy  summer,  there  is  a  triple  coet- 
species  are  exposed  to  the  action  of  the  ing  of  hard  thick  cuticle, 
atmosphere.  Thus,  in  the  white  lily,  It  appears  probable,  from  the  ob- 
the  German  iris,  and  the  common  servations  of  Henslow  and  Adoloh« 
1)ean,  and  perhaps  the  greater  part  of  Brongniart,  that  over  the  true  skia 
European  plants,  the  bladders  are  in  a  is  drawn  an  excessively  thin  pellide 
single  layer,  and  very  thin-sided  (3,  a) :  which  exhibits  no  appearance  of  oip- 
in  some  succulent  plants  they  are  in  niiation,  and  which  is  perfectly  homo- 
throe  rows,  one  of  which  sometimes  geneous  and  continuous,  except  orer 
has  the  sides  of  the  outer  layer  of  cells  the  openings  of  the  stomates.  It  is 
partially  separated  from  each  other,  supposed  that  this  pellicle,  the  uw  of 
as  has  1)een  remarked  by  Adolphe  which  is  unknown,  may  be  what  re- 
Brongniart  in  Kochea  falcata  (3,  6),  pels  the  water  from  the  surface  of 
when  the  surface  of  the  plant  acquires  some  leaves,  and  causes  it  to  sepa- 
a  warty  appearance ;  in  the  oleander  rate  into  drops.  It  is  difficult  to  dettct 
there  are  three  or  four  layers  of  thick-  it  in  the  fresh  leaf,  in  consequence  not 
sided  cells  (3,  c),  only  of  its  being  firmly  glued  to  thf 

subjacent  cuticle,  but  also  because  of 
^S*  3.  its  thinness  and  transparency.     It  miy 

'  be,  however,  easily  detected*  hy  mt- 

cerating  a  leaf  for  a  day  or  two  in  water, 
sli&fhtly  impregnated  with  nitric  acid, 
when  it  may  be  easily  peeled  off;  for. 
notwithstanding  its  thinness,  it  is  often 
remarkably  tough. 

Anions:  the  meshes  of  the  skin  may 

be  remarked  a  number  of  oval  spaces, 

OiBlCJIr^  much  smaller  than  the  meshes  them- 

3BOo^   /.  selves,  and  placed  upon  the  lines  that 

nriOQcy    ^  indicate  the  juncture    of    the    little 

BOQOr'  bladders.    These  oval  spaces  ijig,  2) 

are  the  stomates  above  referred  to  of 
The  object  of  these  differences  in  the  plants,  and  have  a  highly-curious  strue- 
structure  of  the  skin  will  be  explained  ture.  They  are  openings  through  the 
when  the  nature  of  the  (Imctions  of  skin  into  the  inside  of  a  plant,  and 
that  part  comes  to  be  considered.  For  serve  to  establish  a  communication  be- 
the  present  it  is  sufficient  to  state  tween  the  atmosphere  and  a  compli- 
tiiat  they  are  principally  intended  to  cated  pneumatic  apparatus  which  Jiet 
adapt  a  plant  to  the  nature  of  the  l)eneath  the  skin.  They  are  constructed 
medium  m  which  the  leaves  are  of  two  little  oblong  bladders,  placed 
developed.  It  is  a  general  rule  that  parallel  with  each  other,  and  having  a 
leaves  growing  in  the  air  have  a  skin,  power  of  contraction  or  expansion,  as 
and  that  those  growing  constantly  in  circumstances  may  require :  when  at 
water  have  none;  and  it  being  neces-  rest  they  are  perfectly  parallel,  and, 
sary  that  evaporation  should  be  regu-  by  pressing  their  sides  together,  close 
latt'd  in  tlie  former  case,  while  in  the  up  the  opening;  when  in  action  they 
latter  no  evaporation  can  take  place,  curve  away  from  each  other  in  the 
it  is  interred  that  this  duty  devolves  middle,  and  thus  leave  the  passage 
upon  ttie  cuticle,  which  in  fact  is  ad-  open, 
mirably  adapted  to  the  purpose.    In       The  stomates  sometimes  seem bound- 

JjJAiits  growing  in   the   shade,  or  in    ed  by  a  transparent  limb,  which  is  the 
^mp  sir iiafions^  the  cuticle  is  thin  and   pox\iQ!aQiiVYi<ft v^Yi^<^\MX^«»v>3bft^tad-' 


dm  of  thi!  stonute  uid  the  contiguoiu 
bladden  of  the  akin.  When  open  thn^ 
iJio  ftppetr  u  if  two  other  Uttle  blad- 
dan  inteipoied  between  the  priacipal 
bladderiutdtheopemnf;  thitii.hoM- 
evcr,  a  mere  optical  de^ption,  c&uied 
by  the  thickneis  of  the  ed^e  of  the 
opening  Ihrouf^h  the  pellicle.  The 
■tnicture  of  the«e  curious  or^ns  niU 
bo  beit  undentood  from  the  follow- 
ing highly  nugnified  fij^urei.  Fig.  4* 
rrpreienti  *.  «ection  of  the  skin  of  k 
plant  perpendicular  to  the  *ur(ace ; 
a  in  the  npeninK  through  the  pelUcle ; 
b  ii  the  pelliete  itielf;  e,  c,  Kre  the 
bladder*  of  the  skin ;  d,d,  ».n  the 
two  parallel  bladders  of  the  stomafe. 
/iV^.4**re[irMcntsthe  same  parts  seen 
Ihnn  under  the  skin.  fig.  4***  shona 
the  pellicle  after  the  bladders  of  the 
■kin  and  thoM  of  the  stomate  have 
b«en  removed ;  the  opening  through 
the  pellicle  (o)  being  thus  dutinotljr 
expMed  to  view. 

Fig.  A. 


different  in  fbrm  and  pontion  flrom 
those  of  the  skin.  On  the  contrary, 
the  stomate  is  a  mere  disunion  and 
alteration  in  the  adjustment  of  the 
bladders  of  the  skin,  with  an  addition 
to  the  under  surface  of  four  or  five 
bladden  which  contract  or  expand, 
and  thus  enable  the  plant  to  respire. 
There  is,  however,  very  often  an  ad- 
dition to  the  rim  of  the  stomate  of  se- 
veral tiers  of  bladders  which  rise  per- 
pendicularly from  the  surface.  Fig.  S 
represents  some  views  of  this  kind  of 
Fig.  5. 


.;va3^' 


atrcssr.- 


It  would  be  beside  the  object  of  this 
ireatise  to  enter  into  an  explanation 
of  the  many  varieties  of  the  ilomate, 
especially  as  they  are  all  fDrmed  upon 
a  plan  similar  to  that  desoribed ;  dif- 
fering principally  in  the  form  of  the 
constituent  biadrten ;  in  their  nnmber, 
which  is  sometimes  fbur,  forming  a 
■qiiare,  or  even  five ;  and  in  their  dia- 
meter,  which,  in  the  shortest  direction, 
varies  from  the  ^  to  the  ilo  of  an 
inch.  But  the  structure  of  these  parts 
in  Marchantia  has  been  ascertained 
by  Mirbel  lo  be  so  peculiar  that  it 
cannot  be  passed  by  in  silence.  In 
this  imperfect  plant  there  is  no  ex- 
ternal pdliele,  a  slit  in  which  fbrms 
theopcainc  in  the  stomate;  nnrisfhe 
Jatfer  Ibmai  of  a  couple  at  bladders 


structure:  a  is  a  stcmBte  i 
v'  nve  the  skin,  with  the  four  bladders 
that  form  the  contracting  or^n,  which 
Mirbel  calls  "the  obturating  ring:"  b 
shows  a  section  of  a  stomate  of  nevertl 
tiers,  and  c  of  a  simple  one,  the  con- 
tmcting  bladders  t>ein|;,  in  both  cases, 
the  lowest ;  in  b  they  are  shown  closed 
up,  in  e  sepamted  and  open. 

The  name  breathing  pore,  which  is 
often  applied  to  (lie  stomates,  suffi- 
ciently explains  that  these  are  con- 
sidered organs  of  respiration;  and 
there  is  every  reason  to  believe  that 
they  ate  really  of  thai  nature.  It  will 
he  seen  hereaiter  that  the  life  of  plants 
is  chiefly  maintained  by  the  introduc- 
tion of  carbonic  acid  into  the  leaves, 
and  the  expulsion  of  oxy^n,  which 
results  fh>m  the  decomposrtion  of  the 
carbonic  acid.  From  the  situation, 
fbrm,  and  other  circumstances  con- 
nected  with  stomala,  it  seems  certain 
that  this  important  function  is  prin* 
cipally  performed  through  their  T-gcncy. 

From  the  surftice  of  the  skin  often 
arise  little  processes,  which,  in  fact 
are  mere  expansions  of  it,  to  h  liich  we 
give  the  name  of  lymphatic  liiirs,  or, 
more  commonly. bain  <n\\';.UQi&'CWL\i 
resembluice  in  *\i^MW«oi  Vi  ft*  4«ito 
or  hw»  ot   an\TMi».     Taw*  ^  -  -- 


pacls,  which  &re  m  very  fine  and  tnns- 
IHirent  that  thvir  itructuR  can  be 
owertained  only  by  the  aid  of  a  micro- 
scope, Rre  usually  short  needle-like 
Imdies  lyin;;  nearly  parallel  with  the 
siinhce  o(  'a  plant  ( fig.  6,  a).  But 
occ:'jiionally  I  hey  aisume  some  ranark- 


nbly  diiferent  appearances.  Thus  on 
the  under  side  of  the  leBvcs  of  a  little 
floalini;  plant  called  Bolvinia  they  arc 
jointed  cylinders  ending  abruptly  in  a 
minute  bristle  (6);  in  spiderwort  (Tra- 
descantia)  they  have  exactly  the  ap- 
pearance of  the  antenns  of  some  coleop- 
terous insects  (p);  in  the  marvel  of 
Peru  (Mirabilia)  they  are  composed  of 
short  cylindrical  joints,  separated  by 
irrefTular  contractions  (d).  Salvinia, 
on  the  upper  side  of  its  leaves,  has 
them  consistinj^  of  a  few  oval  joints, 
all  of  etjuai  size,  and  arising  from  a 
little  projection  of  the  surface  (e) ;  in 
hawkweed  (Hieracium  cymosum)  they 
fire  covered  mth  short  teeth  ( /) :  in 
other  plants  with  a  number  of  fine 
bristles  ;  in  Xanthium  spinosum  they 
have  the  ajipearance  oi'  a  bamboo  in 
miniature,  with  the  joints  contracted 
in  the  middle  (^) ;  some  BoraKineoiis 
plants  have  them  armed  with  barbs 
like  the  head  of  an  Indian  arroiv,  so 
that  they  cannot  be  withdrawn  from 
snch  bodies  as  they  may  pierce  (A) ;  in 
akind  of  lavatera  (L.  micans)  1  hey  con- 
sist of  a  iihort  stalk  with  a  tuft  of  finer 
hairs  sprini^inf;  from  the  lop  of  it  like 


hair*,  and,  like  them,  an  (tcoanUf  tM 
■mall  to  be  eumined  with  the  mkii 
eye  ;  but  they  have  a  power  vt  ■■cut- 
inf;  Various  sutwUncN,  auoh  ■■  nu^ 
odorifcroui  essenoea.  or  othtf  nttar 
which  the  plants  requite  to  thimr  tMt 
and  to  enable  them  to  perfima  thii 
office,  they  are  provided  vith  ft  litlk 
bag  at  their  point,  in  which  the  smm- 
tion  is  collected  before  being diacbaiiaL 
Parti  of  this  kind  are  found  oo  pliuli, 
■uch  u  the  sweetbriar  tom.  wtms 
they  appear  to  the  naked  e; 


dmaan 

.  (Ciccf  a 


parent  sialic,  terminated  by  a  head  ftd 
of  little  chambers  (Jig.  7,  a};  on  the 
shell  of  the  grey  walnut  (Ju^Ibh 
cinerea),  they  arc  terminated  by  enpt, 
in  which  the  secreting  matter  ii  col- 
lected before  it  is  ihed  (i) ;  in  aane 
crolons  they  spring  up  in  dusteie,  and 
gradually  tnicKen  to  the  point ;  wha 
very  hii;ttlyma^ified,  they  appear  like 
thick  stiff  bodies  havingtheformof  (a 
inverted  pestle  (d). 

Fig.  7. 


the  ravs  of  a  polvpe  (0 ;  and,  finally, 
in  malpighia  ana  the  IndiRio  plant, 
they  are  fixed  by  the  middle,  pointing 


o  opposite  directions  (A), 

Glandular  hairt,  or  /ilandx,  as  they 

»re  more  commonly  designated,  are 

liiimed  upon  the  laine  plan  u  true 


Slin:;!,  the  ofRce  of  which  would 
seem  to  he  to  keep  off  agKression  by 
the  pnin  they  inflict  when  inserted  into 
the  skin  of  animals,  are  stiff,  needlt- 
likc  hairs,  which  arise  from  a.  thick 
swollen  base  full  of  cliambcra,  in  which 
the  poison  they  secrete  is  collected  and 
stored  up.  Some  of  the  most  charac- 
terislic  forms  are  what  occur  in  borafce, 
where  they  consist  of  a  bristle  reaem- 
blinK  the  itraight  blade  of  a  poniard 
ijl^.  7,  ei :  in  the  nettle,  composed  of 
one  straiifht  rigid  hair  bent  at  »  veiy 
obtuse  angle  from  the  top  of  an  ob- 
conical  poison -chamber  (/)  ;  and  in 
Itie  goari,  w^teift  \)cia  «u»t  u  V^^bilcd, 
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leu  ripd,  and  grtdually  passes  into  a  and  light,  the  descending  trunk,  or 

conical  ehambered  base  0^).  root,  an  equally  irresistible  detcrmina- 

Scwf  (or  scales,  technically  lepides^  tion  to  the  earth  away  from  light.  (See 

whence  the  adjective  lepidote^  for  a  Physiolooy.) 
fcmfy  surface)  is  found  on  the  leaves       The  one  being  thus  an  extension  oi 

of  the  pine  apple,  the  sea  buckthorn  the  other,  there  is  no  definite  organic 

(Hippophae  rhamnoides),  and  many  separation  between  them ;  but  their 

other  plants.    It  appears  to  the  naked  structure  melts,  as  it  were,  completely 

eye  as  a  mealy  substance  of  a  whitish  together.    Nevertheless,  the  imaginary 

or  brownish  colour ;  but,  in  reality,  it  line  formed  by  the  divergence  of  these 

consists  of  minute  scales  adhering  by  two  parts  has  the  name  of  collar  or 

their  middle,  and  formed  bv  the  grow-  neck,  and  has  been  erroneously  sup- 

ing  together  of  a  number  of  hairs  which  posed  to  be  the  seat  of  vitality.    It  has 

happen  to  spring  from  one  common  been  asserted,  that  if  a  tree  be  cut 

point.    Fig,  7,  c  and  A,  show  the  ap-  through  its  collar,  it  will  never  again 

pearanceofthescurfofthe  wild  oleaster  grow.     This  opinion  has  arisen  from 

(Elaagnus   angustifolia),  when    seen  the  well-known   fact,  that  if  certain 

under  a  microscope.  plants,  such  as  the  beech,  or  the  pine, 

Prickles  (aculei)  are   nothing   but  or  the  oak,  are  sawed  through  at  the 

hairs  of  a  larger  growth ;  they  are  hard,  level  of  the  ground,  they  will  not  shoot 

horny,    sharp-pointed,    conical,    and  from  the  stump.     This  is,  however, 

often  hooked  excrescences,  which  rise  owing,  not  to  their  collar  having  been 

from  the  surface  of  the   stem,  f<^m  cut  through,  but  to  another  cause  :  for 

which  they  may  be  easily  broken  o!f.  by  far  the  greater  number  of  woody 

When  youn$:,  they  are  small,  soft,  and  plants  will,  when  cut  down,  throw  up 

fn^en ;  as  the  surface  of  a  stem  dis-  new  shoots,  whether  their  collar  is  cut 

tends  in  consequence  of  the  expansion  through  or  not ;  as,  for  example,  tlie 

of  its  inside,  the  base  of  the  prickles  plum,  the  poplar,  and  the  rose.     It 

enlarges,  and,  at  the  same  time,  they  arises  from   a  specific  ])ower,  which 

harden,  till  at  last  they  become  the  varies  in  difi'erent  species,  of  forming 

large  stiff  bodies  to  which  the  name  is  adventitious  buds,  from  which  alone 

applied ;  on  the  branches  of  the  rose  new  shoots  can  proceed, 
this  their  progress  may  be  easily  fol-       The  great  dinerences  between  root 

lowed.      When  they  are  full   grown,  and  stem  consist  in  their  organic  cha- 

they  can  no  longer  adjust  themselves  racters,  rather  than  in  their  physiolo- 

to  the   distending  surface  on  which  gical   pecuharities ;    for  many  stems 

they  are  planted,  and  are  consequently  burrow  under  ground,  and  many  roots 

thrown  off:  this  is  the  reason  why  it  are  emitted,  and  can  only  live,  in  light 

is  the  young  branches  of  plants  only  and    air,    the    one    performing,    ap- 

that  are  prickly,  the  old  stems  being  parently,  the  office  of  the  other.    The 

almost  always  unarmed.  common  distinction,  therefore,    of  a 

root  being  the  under  ground,  and  a  stem 

Chapter  IV.  the  above  ground,  part  of  a  plant,  is 

O/  the  Trunk  or  Caudex;  difference  not  sufliciently  exact  for  science. 

between  Root  and  Stem.  The  real  distinctions  between  them 

are  the  following :-— A  stem  is  divided 

Thi  central  part,  or  axis,  of  a  plant,  into  a  number  of  projections  called 

to  which  the  leaves  and  flowers  are  nodes,  equidistant,  or  which  are  either 

attached,    is    technicallv    called    the  at  regularly  diminishing  or  increasing 

caudexy  to  which  the  "^nsrlish  word  distances.     To   each    node    there  is 

trunk  seems  equivalent,  notwithstand-  usually  either  a  leaf,  or  a  scale,  which 

in^  its  being  generally  applied  to  the  is  an  imperfectly- formed  leaC  and  at 

thick  bole  of  a  tree.  least  one  bud  capable  of  growing  into 

It  consists   of  two   portions;    the  a  branch,  which  will  be  covered  in 

ascending  trunk,  or  stem^  and  the  de-  like  manner  with  other  nodes  and  buds, 

scending    trunk,  or  root.      Between  themselves  capable  of  again  shooting 

these  there  is  no  absolute  separation,  into  branches.    Consequently,  as  the 

each  being  an  extension  of  the  other  ramifications  of  a  stem  can  proceed 

in  an  opposite  direction;  the  ascend-  only  from  the  nodes  thus  symmetrically 

ing  trunk,  or  stem,  having  from  its  arranged,  the  branches  tavLsl^^^Tit^^^^- 

eiinicst  existence  an  invincible  ten-  sity,  grow   aymm«\ue^^  ^<»^\  vcv\ 

deoe^  l9  gnm  upmuds  into  the  air  henoe  the  pVeaaimf^  %,^\l«as«.Ti^:i&  ^^  >^ 
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head  of  ft  tree,  even  when  stripped  or 
leaves.  Roots,  on  the  contnry,  Imve 
neither  leaves,  node*,  nor  buds,  nor 
anything  which  can  be  considered 
ftnalosouB  to  them.  They  have  no 
provinon  made  for  a  reKular  ramifiea' 
tion,  which  indeed  could  not  exist ' 


and  subdivide  as  occuion  require*, 
nilhoct  the  least  disposition  touaume 
a  svmmetrical  fonn. 

As  branches  are  produced  bv  buds 
alone,  and  as  root*  have  no  buds,  it  is 
obvious  that  ir  a  tree  is  cat  down  to 
the  collar,  so  that  nothinz  remains  but 
root,  it  can  never  branch  a^ain :  imd 
hence  the  opinion  that  thecoliar  is  the 
sent  of  life.  But  though  roots  hiive  no 
buds  under  ordinary  circumstances, 
Vt'l  they,  and  all  ntner  woody  pails, 
njivc  occasion  ally  the  power  of  form  in  i; 
irliat  are  called  adventitious  buds, 
under  sjieeial  circumstances.  These 
adventitious  buds  sprout  irregnlarly 
from  various  parts  ofthe  surface;  and 
thus  in  certain  species  of  plants  rpnuvr 
the  growlh  which  had  been  temporarily 
arrested  hy  the  destruction  of  the  stem. 


No. 
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have  this  power,  and  others  not ;  but 
the  fact  is  certain.  The  roots  of  the 
silver  fir  (Abies  Picea),  for  instance, 
will  live  on  the  mountains  of  Switzer- 
land for  half  a  centiu'y  after  the  stem 
is  dost  rayed  [Dalrochet),  but  will  never 
sprout  aeain :  while,  on  the  other 
hand,  the  root  of  the  willow  will  Ibrm 
adventitious  buds,  and  grow  nearly  as 
readily  aa  the  stem  itself. 

tn  tlieir  internal  structure  roots  and 


stems  are  nearly  alike,  except  that 
the  former  are  rvely  htdlow.  aJthoniili 
many  stems  are;  andthat  in  theplaniV 
called  Exogent,  which  have  a  pith  ia 
the  centre  of  their  atem,  the  not  haa 
no  pith. 

CtumB  V. 

OfTnte  RoatM  and  their  MtMleatioiu: 

0/  Sltiru  improperly  ealUd  Raott. 
Perrapi  tlie  most  simple  manner  of 
understanding  the  structure  of  a  nwt, 
limited  as  has  been  just  explained,  ii 
to  consider  every  form  of  tut  part  a 
moditication  of  a  simple  fibre. 

A  simple  fibre  coniists  of  a  cylindtr, 
soft  eiitei'nally,  and  woody  intenially, 
ending  in  a  blunt  and  succulent  point 
iftg.  8,  a\  through  which  the  fluid 
matter  ol'  the  soil  is  lucked  into  the 
circulation.  The  aerial  roots  of  auch 
plants  as  ivy,  dodder,  and  epiphytal 
urcliidcB,  are  simple  fibres  alterad  ao- 
cnuling  to  the  particular  circuoiataDeH 
under  which  they  are  produced,  and 
the  modified  functions  they  have  to 
perlbrm.  In  the  dodder,  for  instaiiee, 
they  have  to  act  as  suckers  aa  well  aa 
roots;  and,  accordingly,  they  are  dilated 
at  the  end  to  enable  them  to  perfinin 
that  additional  office.  Suppose  aucb 
fibres  to  increase  in  diameter  priad* 
pally  by  addition  to  their  woody  ceatn, 
and  at  the  same  time  to  lengthen  and 
divide  into  a  number  of  branchea,  each 
of  which  is  like  the  primitive  aimpla 
fibre,  we  shall  then  have  a.  fibroui  root 
of  the  commonest  kind,  such  as  that 
of  all  trees  and  shrubs,  and  of  most 
herbaceous  plants  (Jig.  S,  b).     Let  it 


SnaUons  thtJt  a  few  fibres  protruded    taAnh,  e.n&^.^^e^.u'^«^,^'^^  VImx^' 


BOTANY.  11 

suit  (Jig.  8,  r  and  c/),  the  special  tij^iires  which  are  emitted  under  or  upon  the 
of  which  will  depend  upon  the  degrrce  in  surface  of  the  ^^und. 
which  the  preponderance  of  growth  is  In  common  language  all  kinds  of 
longitudinal,  or  transverse.  It  some-  underground  stems  are  called  roots ;  but 
times  happens  that  some  of  the  roots  it  is  necessary,  both  for  the  sake  of  ex- 
retain  their  fibrous  state,  while  others,  actness  of  laneruage,  and  for  practical 
then  called  tubercles  or  fangs,  become  purposes,  to  disting:uish  caicnilly  be- 
extremely  fleshy  and  enlarged,  as  in  tween  them ;  for  while  an  underground 
fis:  wort  (Ranunculus  ficaria).  in  which  stem  is  one  of  the  means  destined  by 
the  tubercles  are  thicker  and  blunter  nature  for  the  multipUcation  of  plants,  a 
at  the  lower  than  the  upper  end;  the  root  will  not  act  in  that  manner,  except 
roots  of  the  dahlia  and  the  orchis  under  certain  special  and  very  unusual 
(Jig;.  8,  e)  are  of  a  similar  kind  ;  or  one  circumstances.  Neither  do  such  stems 
)M)rtiou  of  the  root  will  be  fibrous  and  ever  appear  to  perform  the  office  of 
th«  other  tubercular,  as  in  dropwort  roots;  they  seem  to  be  chiefly  intended 
(Spiraea  filipendula),  (//>.  8./).  It  is  to  store  up  food  for  the  use  of  animals, 
thought  that  such  tubercles  are  in-  They  are  easily  known  from  roots  if  the 
tended  by  nature  to  contain  a  supi)ly  distmctions  lately  mentioned  are  at- 
of  food  upon  which  the  plant  may  exist  tended  to.  The  principal  forms  are  the 
when  deprived  of  its  u^ual  nutriment  roots  lock,  the  cbrmus,  the  tuber,  and 
from  the  earth    or  the   atmosphere ;  the  bulb, 

there  does  not,  however,  appear  to  be        The  rootstock  (rhizoma  in  Latin)  is 

sufficient  evidence  of  the  justice  of  this  a  creeping  or  underground  stem,  which 

opinion.    Sometimes  a  succulent  root  either  has  scales  in  the  room  of  leaves, 

will  ramify  without  increasing  ])crcep-  or  is  marked  by  the  scars  or  remains  of 

Mh\y  in  diameter,  and  conse(juently  its  leaves  that  have  either  fallen  off  or 

ramifications  will  be  all  succulent  and  of  withered.    Of  this  nature  are  orris  root 

equal  thickness ;  such  a  root  is  that  of  and  ginger ;  the  former  of  which  is  the 

the  coral  root  (Oorallorhiza),  {Jig,  8,  g),  rootstock  of  a  kind  of  iris  {Jig,  9,  6), 

Whether  or  not  the  functions  of  all  and  the  latter  of  the  ginger  plant.    In 

these  sorts  of  roots  are  exactly  the  the  common  polypody  {Xg,  9,  a)  it  is  a 

same  is  not    known :    their   general  hairy  body  from  wnicn  the  leaves  arise ; 

office  is,  no  doubt,  firstly,  to  steady  a  and  in  the  hare's  foot  fern  (Tricho- 

plant  in  the  soil  in  which  it  grows,  so  manes  canaricnsis)  it  curves  at  its  ex- 

as  to  prevent  its  being  blown  about  by  tremity  like  the  paw  of  the  animal  after 

wind;  and.  secondly, to  suck  from  the  which  it  is  named.      What  is  com- 

earth  the  fluid  matters  which    form  monly  called  a  creeping  root  (soboles) 

vegetable  food.     The  latter  function  {Jig.  9,c)  differs  from  the  rootstock  in 

may  seem  the  more  necessary  of  the  nothing  whatever  except  being  more 

two,  but  in  reality  the  one  is  as  im-  slender,  and  always  subterranean,  while 

portant  as  the  other;  they  always  ac-  the  rootstock  often  lies  prostrate  on  the 

company  each  other,  and  when  one  is  surface  of  the  ground.    It  has  scales, 

not  provided  for,  the  other   appears  which  are  the  rudiments  of  leaves,  at 

unnecessary  also.    Thus,  in  sea-weeds,  equal  distances,  and  emits  true  roots 

which  are  the  only  plants  in  which  from  the  nodes,  where,  also,  are  buds 

roots  really  seem  to  oe  unimportant,  which  are  cxti-emely  active  and  ready 

for  they  often  grow  while  floating  freely  to  form  new  plants  the  instant  they  are 

in  the  ocean,  there  can  be  no  doubt  placed  in  circumstances  favourable  to 

that  absorption  of  food  takes  place  over  their  development.    Hence  it  is  that 

all  their  surface ;  and  it  is  always  to  couch  grass,  which  has  this  sort  of  un- 

be  remembered  that  even  plants  like  derground  stem,  i f  cut  into  pieces,  forms 

these  are,  at  an  early  penod  of  life,  a  very  vegetable  hydra;  for  every  joint 

attached  by  a  root,  which  may  be  sup-  is  capable  of  arrowing  into  a  new  plant ; 

p<Med  to  perform  at  that  time  its  ordi-  and,  consequently,  by  tearing  an  old 

nary  douole  function.    When  roots  are  plant  to  pieces  a  great  number  of  new 

pn)duced  in  the  air,  as  in  ivv,  the  vine  mdividuals  is  added  to  the  soil,  instead 

in  a  hot  damp  stove,  epiphytal  orchidese,  of  one  being  destroyed.  If  it  were  a  i-oot, 

and  the  like,  it  of>en  happens  that  tearing  it  in  pieces  would  probably  de- 

they  have  only  the  absorbing  function  stroy  it.    To  this  is  also  to  be  referred 

to  parform  :    but  in  such  cases  the  the  ficaly  root  of  the  old  botaiiiHt«(^^. 

busiiwM  of  fixing  the  plants  steadily  in  9,  d),  which  is  Tenv^TVsXA.^  \wVad^v«£^ 

their  jdaoRf  » peiibnned  by  other  rooti,  squamaria.    It  ^1K«ra  ^iotdl  >^^  \%&\.  \tv 
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noUiinii;  exoept  that  tha  k«1m  with    being  membnnoiu,  and  that  tba 
vhichitiicovendarefieit^iiutudaf   at  the  node*  are  much  leu  BOtm. 


Fig.  0. 


The  eormut,  for  which  we  have  nij 
equivalent  English  word,  is  an  ex- 
tremely  short  subterranean  item,  co- 
vered with  levenlUvertoC  dry  withered 
•ealei,  and  usually  naving  a  roundish 
fl^re  (Jlj;.  9,  e).  It  increases  by  the 
gnwth  of  the  buds  that  exUt  at  the 
axils  of  the  scales,  which,  durint;  their 
growth,  feed  upon  the  mother  cornius, 
exhausting  it  of  its  soluble  substance, 
and  at  last  becoming  coiml  themselves 
when  full  grown.  The  root,  as  they 
■ay,  of  the  crocus,  the  tulip,  and  the 

The  tuber,  again,  is  a  short,  fleshy, 
underL'Toiind  stem,  produced  at  the  end 
of  slendvr  subterranean  branches.  Its 
surface  is  markedwith  sears,  or  covered 
with  scales,  from  within  which  bods 
appear  by  which  the  species  is  to  be 
multiplied.  In  the  potato  the  under- 
ground branches  are  at  first  as  slender 
as  the  roots  amoni;  which  they  burrow; 
and  are  only  to  be  known  from  them 
by  their  having  scales  upon  their  sur- 
lace.  Rut  in  time  such  a  branch  ceases 
to  lengthen ;  its  end  then  becomes 
RwoUen  by  the  matter  impelled  into  it, 
from  the  main  stem  not  bein;;  able  to 
proceed  any  further ;  it  gradually  in- 
creases in  diameter,  becomes  more  and 
more  succulent,  till,  at  last,  a  perfect 
tuber  is  formed,  and  the  part  of  the 
branch  not  distended,  decaying,  sepa- 
iittes  from  the  parent  plant  as  an  inde- 
pendent individual.  I'ig.  10  shows 
the  manner  in  which  this  takes  place, 
and  the  appearance  of  the  tubt'ni  at 
the  different  periods  of  their  growth. 
Wbea  ibify  fynned,  s  tubei  ii  &  fieahy 


body,  on  the  surface  of  which  ai< 
numerous  depressions,  each  containii^ 
what  a  gardener  calls  an  ege,  which  h 
in  reality  a  bud,  that,  under  favour- 
able circumstances,  will  become  k  new 
plant    Hence  such  eyes  or  buds,  along 

Fig.  10. 


with  a  portion  of  the  tuber,  forming  to- 
gether  the  kI,  are  employed  for  the 
niullipli(»tion  of  a  species,  as  in  the 
potato.  It  generally  happens  that 
siicheyes.likethebudson  the  branches 
of  trees,  do  not  develop  the  same  year 
as  they  are  formed,  but  pssa  the  fini 
season  of  their  existence  in  gaining 
strength  for  their  growth  in  the  suc- 
ceeding season.  But  if  any  circum- 
stance should  call  them  into  action  in 
the  same  season  in  tvhichlheyare  first 
credited,  a  tuber  will  branch,  and  then 
assume  an  appearance  very  unlike  its 
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the  potkto  in  Ions  dry  tuinmen,  when  ia  the  foreits  of  tmpical  eountriea  the 

vrhftt  are  called  clustered  potatoei  axe  steni!i  of  wnody    planti  kt    first   nie 

f^nerally  produced.     Sut.'h  productions  straight  into  the  air ;  but  not  becoming 

ftre  Ckcellent  illuitrationa  of  the  plan  sufficiently  solid  to  support  their  grow- 

upon  which  tubers  finally  grow,  and  ing  weight,  they  gradually  fall  prostratv 

Of  the  analogy  that  exists  between  amonE  the  trees  that  surround  them, 

them  and  tiranches,  proving  that  what  and  obstruct  the  traveller  like  cables 

may  appear  to  the  superficial  observer  drawn  across  his  path.    In  most  plants 

the    otncore   speculations  of  closet-  the  stem  is  solid ;  in  grasses  and  iim- 

philosophers,  are  in  reality  eiact  ex-  belliferous  plants  it  is  hollow ;  in  a  few 

positions  of  the  plan  of  the  creation.  species  its  bark  is  expanded  longitiidi- 

The  bulb  (Jig.  9,/)  is  a  roundish  nally  into  green  and  leafy  wings.  These 

body.consistingoficwles  packed  close-  are  the  commonest  forms  we  meet  wilh 

ly  one  over  the  other,  and  emitting  roots  in  the  stems  of  plants.    Others  there 

from  its  bate,  as  in  the  onion.     It  is,  arc  which  arc  yet  more  remarkable. 

in   reality,  an  extremely  short  stem.  In  a  kind  of  cabbage,  called  Kohlrabi, 

cruvere  J  with  rudimentary  leaves  in  the  the  stem  shortens  and  distends  tUl  it 

form  of  scales,  and  it  differs  in  nothinf;  acquires  a  globidar  form  like  that  of  a 

from  a  bud,  except  that  it  either  sepa-  turnip.    In  the  tortoise  plant  of  the 

rates  spontaneously  from  the  part  that  Cape  of  Good  Hope,  it  is  a  roundish 

beara  it,  as  in  the  tiger  lily,  or  it  is  a  knob  of  considerable  siie,  the  bark  of 

nerfi-ct  plant  in  itself,  as  in  the  onion,  which  is  rent  into  deep  fissures,  sepa- 

Most  commonly  it  lives  underground ;  rating  spaces  having  the  appearance 

but  in  some  lilies,  alliums,  and  other  of  the  scales  on  the  back  of  a  tortoise. 

Slants,  it  is  produced  among  Ihe  Many  tropical  orchideous  plants  have 
ranches,  leaves,  or  fiowers.  The  tree  a  short  conical  stem  named  a  pseudo- 
onion  is  a  plant  in  which  bulbs  are  bulb,  termmated  by  one  or  two  leaves, 
produced  in  the  place  of,  and  instead  and  arising  from  a  prostrate  rootstock. 
of,  flowers',  a  smgular  circumstance  In  BtapeliasC/^.  ll,a),andsomeother 
which  wdl  be  explained  in  another  South  African  iilants,thestemhecomes 
place.  (See  Chapter  XXV.)  gouty,  distorted,  and  succulent,  bearinK 
solt  projections  instead  of  leaves ;  and, 
Chaptik  VI.  finally,  in  the  Cactus  tribe  it  is  some- 
-,  ,  „  .  .,  .  ,  ...  times  fiat  and  divided  into  a  number 
0/  Ihe  Slem.  and  U*  eTternalmrdifi.  „,■  i^^fy  Umbs  {Jig-  n.  c).  or  globular 
col<on».-  Spmet;  fentfnt*.  ^^j  deeply  furrowed  with  shai-p  pro- 
Ai-THOucn  Ihe  stem  is,  even  more  than  jecting  ribs  (A),  or  angular  and  erect, 
the  root,  subject  to  modifications  of  often  rising  into  the  air  like  a  vege- 
form,  yet  its  names  are  far  less  nume-  table  column. 
rous.  In  its  commonest  state  it  riaes 
erect  from  the  earth,  dividinginto  many 
branches :  in  herbs  succulent  and 
perishable ;  in  shrubs  and  trees  woody, 
and  clothed  with  a  thick  and  ruf;ged 
bark.  But  from  this  state,  which  may 
be  considered  normal,  it  departs  in  a 
great  variety  of  ways.  In  palms  and 
similar  trees  of  tropical  countries  it 
forms  a  cylinder,  bearmg  a  tuft  of  leaves 
at  its  point.  In  other  plants  it  is  little 
mote  than  a  delicate  thread  lying  pro- 
strate on  the  earth,  as  in  the  runner  of 
the  strawberry.  In  some  species  it 
takes  a  twining  direction,  following  the 
sun  in  his  course:  and  when  of  a  woody 
structure,  enfolding  the  largest  trees 
with  its  gigantic  coils.  In  the  Museum 
at  Paris  there  is  a  specimen  of  a  palm- 
tree  so  surroundea  by  a  monstrous 
twinar,  the  coils  of  which  have  grown  Such  are  the  most  remarkftblft  « 
la  ewh  other,  as  to  be  enclosed  in  a  the  fomu  «\un\t  occut  wnnxt^  Ana» 
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planti,  lometiiiiei  suddenly  lose  the  ft  mngle  yew.  there  i«  but  wis  ni^  ( 

power   of  lengthening,    harden    and  wood;  and  if  auch  itemi  MBvay  •■ 

sharpen  at  their  points,  and  thus  (ana  eulent.  it  may  even  be  difficult  to  ai 

■pines,  aa  in  the  sloe  and  hawthorn  ;  certain  the  presence  of  wood  u  w 

or  they  lose  their  woody  character,  p^-  jj 
produce  none  but  starred  and  scale- 
like leaves,  becoming  weak  and  curl- 
ing up  at  their  points,  so  aa  to  fbrm 
the  tendrils  by  which  some  plants, 
such  as  the  vine,  contrive  to  climb 
among  their  neighbours.  In  the  duck 
weed,  and  all  the  Lichen  tribe  the 
■tern  is  a  flat  horiiontal  expansion, 
destitute  of  woodiness.  and  apparently 
amalgamated  with  the  leaves. 

Chattbh  VII. 
<y  the  SI»tH,  and  it>  inltmal  modt 
JUatiom       Exogent,     Endogeut, 
Aerogent. 

In  their  internal  structure  stems  are  But  it  will  always  be  found  iipon  close 
apparently  constructed  upon  several  inspection  that  some  tiace  of  woody 
different  plans:  in  the  bamboo  they  matter  exists  arranKcd  in  a  daflnit'e 
are  hollow  with  tinnsverae  partitions;  manner  between  the  pith  and  thu  bark, 
in  the  cane  they  are  solid,  and  of  an  separated  perliitps  by  medullaiy  nyi, 
uniform  density :  in  the  oak  they  are  which  are  much  thicker  than  the  eon- 
hardest  in  the  centre ;  in  the  cocoa-  tieuous  plates  of  wood,  and  which  on 
nut  they  are  softest  in  the  centre;  in  that  account  tend  to  conceal  th«  rnl 
many  climbers  they  have  an  iinifonn  structure.  Such  is  the  case  ia  the 
density,  and  appear  pierced  with  mul-  stems  and  roots  of  many  comjnoD 
titiides  ofcylindjncal  channels  parallel  herUaxreous  plants,  and  of  cacti  and 
with  the  bark.  In  ferns  the  wood  has  similar  succulent  plants.  Passing  by, 
a  sin^larly  twisted  appearance;  and,  therefore, casesof this  kind, the an^oejr 
finally,  in  many  herbaceous  plants,  of  which  with  the  exogenous  struc- 
it  seems  to  consist  of  a  mass  of  suu-  ture  a  little  consideration  will  serve  tn 
culcnt  substance,  with  a  few  fibres  make  apparent,  let  us  examine  in 
mixed  amon^  it.  Rut  it  has  been  detail  the  exact  structure  of  the  vari- 
uscertained  tliat  all  these  variations  oiis  parts  that  make  an  exogenous 
are   lo  be   reduced  to  three   primarv  stem. 

forms,  viz. :  Exoobns,  or  those  which  The  pith  {Jig.   1,1,  a)  is   a  apong; 

have  their  woody  system  seiiamtcd  from  column  which  extends  from  the  collar, 

thccellular  and  arranged  in  concentric  where  it  usually  ceases,  to  the   extn- 

zones;  E?(do<;rhs,  in  which  the  woody  mities  of  the  branches.    When  young 

andc^ular systemsaremixedtoi;ether  it  ia  succulent;  when  old  it  tiecomM 

into  a  confused  mass :  and  Achoobns,  dry.    Usually  it  is  solid ;  but  in  um- 

which  consist  of  a  cylinder  ^rawing  at  bellil'erous  plants  it   is  soon  torn  la 

itspoiiitonly.  and  never  augmenting  in  pieces  by  the  rapid  distention  of  the 

thickness  after  it  once  is  formed.    We  woody  cylinder  that  surrounds  it,  and 

must  examine  each  of  these  separately,  its  place  is  occupied  by  an  empty  tnbe, 

A  stem  which  is  formed  upon  the  tn  the  sides  of  which  it  adherea  m  ftag- 

Ex-ygennut  plan,  when  cut  through  ments.    In  the  walnut  it  is  divided 

transversely,  exhibits  a  central  pith,  into  a  number  of  narrow  chambers, 

surrounded  by  one  or  more  circles  of  placedoverenchother  with  great  regu- 

utood,  on  the  outside  of  which  is  a  rin^  lanty.     It  is  united  with  the  meduUarjf 

of  bark,  which  ia  connected  with  the  rays  or  plates,  or  proeetiei,  as  thn  an 

pith  by  a  number  of  lines  passing  more  correctly  called,  by  an  infinite 

thruugn  the   wood  called  medullary  multitude  of  points  arising  from  over 

proceanet.    Abraneh  of  hazel,  beech,  all  its  surface.    Whenyoungitiagreen 

or  oak  represents  this  structure  very  and  succulent,  and  at  that  time  only  is 

dixtinctfy.  to  bs  considered  a  living  organ;    it> 

/ji  pJaoti  whoas  stems  eust  only  for  office  ah  Uti.\.Utaa,Ya\n«3^f  ^jiopa 


llwd  to  the  yDung  buds  which  are  in  ler,  their  coniiMnent  part*  tn  plMed 
eommuniettion  with  it,  until  Ihine  with  their  longer  diameter  perpendica- 
partR,  by  their  subsequent  growth,  be- 
come capable  of  oblamitii;  it  from  other 
■nurces.  After  thii  busiiie<ia  hu  been 
fulflllnl,  it  driei  up,  and  dies. 

The  iiudullary  pToceitei  {fig.  1.1,  b), 
which  thus  ■i'ise  from  the  |>it1i.  of 
which  in  Tact  they  are  mere  extensions, 
pass  atmi);ht  into  the  bark,  cutting 
the  interveniaic  wood  into  a  nimilier  of 
wedgeH,  the  brood  end  of  which  is  next 
the  outside  of  the  stem,  Tliey  are 
compoied  of  the  aame  sponiry  sub- 
stance u  the  pith,  squee led  in  between 
the  Miedgci  of  wood,  and  conseiiucntly 
very  much  compressed.  In  treei,  the 
mi'dullary  plates  are  iiiiially  cxln^mply 
thin;  in  succulent   plants,  or  annua!     Jar  I 


the  bark :  a  position  which  ia 


stunecs,to  perlbrm  a  function  inwhich 
capillary  attraction  is  the  great  mov- 
ing: power.  When  examined  under  a 
niicrosco)ii-,the  component  parts  of  the 
inedullaiy  processes  resemble  bricki 
jilaced  across  the  fibres  of  the  wood, 
and  the  proccbsei  themselves  maybe 
not  iinaplly  i-ompareil  to  low  walla 
stretching  from  the  bark  to  the  pith. 
This  will  be  more  particularly  explained 
in  llieuhapteron  the  elementary  orcans. 
The  biirk  (/g.  13,  d)  consists  of  two 
distinct  parts :  namely,  of  an  external 
layer  of  a  sponj^  substance  which  is 
usually  green,  and  of  an  interior  layer 
iif  fibrous  matter  which  touches  the 
wood,  and  at  one  time  appears  to  l»e 
organically  combined  with  the  wedges 
If  till'  latter.  Of  these  layers,  the  ex- 
t-rnnl  is  cMlled  the  cortical  integument, 
ind  the  interior  the  lihiT.  Every  year 
in  addition  of  new  titer  is  made,  in 

J  the  form  of  a  concentric  lone,  within 

express  the  appearance  of  the  parts  that  of  thi'  preceding  year ;  and  con- 
in  a  transverse  section  of  a  piece  of  seqncntly  the  bark  would  be  marked 
exogenous  wood ;  in  reality,  the  me-  with  as  many  concentric  circles  of 
ilullary  plates  are  in  general  thin,  and    liber  as  it  is  years  old  ;  but  as  the  wood 

■ J  j^p  pfQcesaes,  piercing    tliat  forms  neneath  the  bark  is  pcr- 

J  _.    iijig.  li,    pflnaily  straining    the    latter  trans- 


It  must  not  be  supposed,  that  he- 
rn use  the  medullary  processes  are 
spoken  of  a^  plates  connecting  the  pith 
with  the  bark  they  are  tlieri'fore  of 
very  considerable  depth,  or  that  Ihcy 
really  divide  the  wood  into  distinct 
v.edgcB.    These  terms  are  merely  used 


Uity,  the 
_     era!  thin. 
by  no  means  deep 
the  tna^s  of  wood  a 
which  represents  a  portini 
of  wood   stripped  of  bark,  wfth  ( 
mouths  ofihe  medullary  processes  s« 
on  the  outside  of  the  wood  at  a,  a. 

The  office  of  these  processes  is  very 
important.    They  are  the  great  means    ' 
of  communication  between  the  circum- 
ference and  the  centre  of  a  stem,  and 
are  what  enable  the  fluid  matter,  which 

pasMs  down  the  bark,  (o  reach  the  tegument,  whieh  has  been  justly  enUfcd. 
wood  whieh  is  next  the  pith.  To  qualify  by  Dutrothel  m\  eiAwTni  ^\VV,\«  wm.«- 
t  hem  fin  patenuDftiua  office  the  l)«t-    times  soft  and  eivVtemd)  V^w^  wa '«i 


versely,  and  so  disturbing  the  relative 

C(i!iition  of  its  component  parts,  it 
appens  that,  in  point  of  fact,  the  bark 
soon  loses  all  trace  of  the  concentric 
iniial  zones  of  liber,  anif  becomes  a 
infused  mass  of  fibrous  and  s[ionL'y 
atter  mixed  together,  its  lining  Ix-irg 
IK  only  part  in  which  the  liber  re- 
mdistiirbed.      The  cortical  in- 
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the  cork-tree,  where  it  furnixhes  that  orije^inally  was  internal  does  in  f  iinc| 
material  which  proves  so  useful  to  the  arrive  at  the  outside  ol*  a  stem  is  ouiIt 
wine-merchant.  In  1  rees,  however,  it  proved  by  inserting  a  wire  into  the  hark 
is  more  frequently  hanl  and  gritty,  rent  of  an  exogen  through  the  young  and 
into  deep  fissures  by  the  expansion  of  innermost  liber ;  in  a  few  years  the  win 
the  wood,  and  mouldering  under  the  will  reach  the  outside,  and  be  throim 
corroding  action  of  the  atmosphere,    off. 

When  young  it  is  always  filled  with  It  is  throusfh  the  bark  ezelusivelj 
fluid,  and  becomes  dry  only  from  old  that  the  returning  fluid  of  a  plant  di- 
age.  It  usually  has  some  fibrous  mat-  scends  to  the  root ;  and  it  is  in  thii 
ter  mixed  among  its  substance.  The  part  that  many  secretions  are  chiefly 
iiber  itself,  although  described  as  a  stored  up  :  for  it  is  a  remarkable  fact, 
cylinder  of  fibrous  matter  lining  the  that  in  plants  secreting  substances  of 
cortical  integument  and  overlaying  the  different  physical  properties,  while  ona 
wood,  is,  like  the  wood  itself,  pierced  kind  is  frcelv  conveyed  to  the  central 
in  every  direction  by  the  medullary  wood  from  tlie  bark  through  the  me- 
processes  ;  so  that  in  a  section  it  seems  duUary  processes,  another  part  seems 
to  be  cut  into  a  number  of  wedges  cor-  scarcely  capable  of  following  such  a 
responding  with  the  wedges  of  wood  direction.  Gum,  for  example,  wliich 
(/!ff,  13).  Although  it  appears,  when  so  abounds  in  the  bark  of  a  cherry  or 
young,  to  be  organically  connected  a  plum-tree,  reaches  the  central  wood 
with  the  wood,  yet  it  always  separates  in  very  small  quantity,  while  a  con- 
freelv  when  an  attempt  is  made  to  tear  sid(?ral)le  supply  of  astringent  mat- 
it  off,  and.  when  full  grown,  the  separa-  ter  passes  oif  from  the  bark  to  the 
tion  is  made  spontaneously.    In  some    wood.    To  what  cause  this  is  owin; 

Elants  it  is  remarkable  for  its  suscepti-  has  not  been  ascertained.  II  is  not 
ility  of  being  stripped  into  a  very  con-  improbable  that  the  gum  may  pass 
sidcrable  number  of  thin  layers,  which,  down  through  the  w^xiy  vessels  of 
in  consequence  of  their  fibrous  struc-  the  bark,  which  arc  not  in  direct  com- 
ture,  are  tough  enough  to  be  employed  munication  with  the  medullary  pro- 
for  useful  purpases.  The  liber  of  trees,  cesses,  and  that  the  astringent  matter 
before  the  invention  of  paper  or  parch-  may  exclusively  pass  down  by  the 
inent,  was  stripped  into  layers, flattened  parenchymatous  portion  of  the  bark, 
aiul  cemented  mto  leuvcs,  upon  which  of  which  the  medullary  processes  are  a 
hooks  were  written,  whence  its  name.    part. 

In  the  present  day,  the  lil)er  of  the  The  natare  of  the  leooaf  wUl  be  beit 
lime  tree  is  an  important  object  with  understooil  bye  camining the  structure 
the  Russian?,  who  manufacture  from  of  a  single  zone,  and  considering  all 
it  the  foarsc  mats  which  bear  their  the  other  zones  subsequently  formed 
name ;  but  the  most  curious  instance  to  he  merely  repetitions  of  it.  Next 
is  in  the  lace  bark  of  Jamaica,  in  which  the  pith  is  placed  what  is  called  the 
the  layers  of  liber  are  very  numerous,  medullary  xheath  {Jig.  13,  c),  which  is 
quite  white,  extremely  fine,  and  when  a  stratum  of  air-vessels  forming  a  sort 
stretched  out,  open  into  a  kind  of  deli-  of  casing  to  the  pith,  but  interrupted 
cate  net-work  resembling  lace.  It  perpetuidly  by  the  medullary  processes 
must  not,  however,  be  supposed  that  which  pass  through  it.  On  the  outside 
nothing  is  liber  except  that  young  of  the  medullary  sheath  is  a  mixture  of 
fibrous  lining  of  the  bark  which  we  large  vessels  and  fibrous  matter,  the 
find  in  stripping  the  latter  from  a  tree:  former  predominating;  and  on  the 
on  the  contrary,  it  may  happen  that  outside  of  all,  finishing  the  concentric 
bark  consists  of  liber  on  the  outside  as  zone,  is  a  deep  mass  of  fibrous  matter, 
well  as  inside ;  because  as  bark  is  with  a  numl>er  of  small  vessels  inter 
constantly  wearing  away  externally,  mixed :  in  all  the  other  zones  exactly 
and  the  interior  parts  are  perpetually  the  same  structure  is  repeated  as  long 
pushed  outwards,  a  time  must  come  as  the  plant  continues  to  grow ;  so  thai 
when  the  first-formed  liber  will  reach  the  trunk  of  the  largest  exogenous  tree 
tiiG  surface ;  and  during  the  remainder  is  a  mere  repetition  of  woody  or  corti- 
ol' the  life  of  such  a  plant  the  bark  of  cal  zones,  the  youngest  of  the  latter 
its  trunk  must  consist  of  liber  at  the  being  formed  withinside  the  older, 
very  surface ;  such  liber  is,  however,  and  the  youngest  of  tlie  former  outside 
dead.  like  all  the  parts  in  contact  with  the  older.  Occasionallv  a  small  quan- 
//.    That  the  part  of  the  bark  which   Vv\^  oC  Ihe  cdlulac  substance  of  the 
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ncdunary  proces»e«  is  interposed  be-  we  call  alburnum  or  sap-wood ;  when 
tween  the  zones,  ns  in  Urtica  gigas;  old  and  filled  with  secreted  mutter, 
but  more  frequently  they  touch  each  they  become  dark  brown,  or  green,  or 
other  without  any  such  intervention,  even  nearly  bUck,  in  different  species, 
Insomepl&nts,  scarcely  any  vessels  are  and  then  are  heart-witod  or  duramen. 
to  be  distinjtuiahed  amon^  the  fibrous  Being  in  this  slate  clogged  up  by  the 
matter  of  the  wood,  or. there  is  but  matter  that  is  lodged  in  them  bv  the 
little  apparent  distinction  between  the  medullary  processes,  they  are  unfit  for 
ilifFi;i«nt  tones  ;  but,  in  the  main,  the  the  conveyance  of  fluid,  which  accord- 
structure  just  described  is  that  of  ezo'  ingly  takes  place  principally  in  the 
^ns  in  fcenerml.  new  tubes  and  vessel)  which  renuun 

Perhaps  it  would  be  more  correct  to  open, 

■ay  that  the  woody  matter  is  plunged  Bndogenout  stems  apparently  differ 

into  a  mass  of  spongy  or  cellular  tab-  very  much  IVom  these,  for  they  have 

stance,  and  arranges  itself  methodi-  neither  pith,  nor  medullary  pioces sex, 
cnlly  in  lones,  than  to  use  the  lan- 
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Kuage  that  has  been  hitherto  employed ; 
but  this  is  merely  a  speculative  point. 
The  anomalies  which  are  met  with 
in  plants  having  this  structure,  how- 
ever different  from  the  normal  state 
tlier  may  at  first  appear,  are  all  easily 
to  oe   reconciled  with  what  we  have 


■ones  of  wood  are  excessively  irregu- 
lar and  unequal ;  in  the  water  vine  of 
Indim  the  medullary  processes  are  very 
deep  and  thick,  and  filled  with  vessels; 
in  arborescent  birthworti,  there  is  but 
one  lone  of  wood,  whatever  the  age 
of  the  stem.  Anally,  in  calycanthus. 
there  are  four  centres  or  growth  nor  hark,  nor  wood  properly  so  called; 
having  each  its  own  concentric  lones  but  they  consist  of  a  confused  mass  of 
lying  in  the  bark  at  equal  distances,  bundlesof  woody  substance  lying  in  the 
nnd  on  the  outside  of  the  principal    midst  of  a  spongy  matter.    In  a  palm 

r J      i>..  >i — J   _it,_    we  find  an  external  cortical  integument 

without  liber;  the  bundles  of  noody 
matter  so  amnged  as  to  be  much 
mote  numerous  and  compact  at  the 
circumference  than  towards  the  centre. 
In  the  cane,  which  is  another  kind  of 


Like  the  rootn,  wood  lias  two  distinct 
offices  to  perform.  In  the  first  place, 
it  gives  plants  that  solidity  and  tough-       ... 

neiswhichenablesthera  to  stand  erect    palm,  the  woody  bundles  are  distti- 
r,  without  being  destroyed  by    fcuted  equally  throughout  the  whole 


winds,  or  crushed  by  their  own  weight ; 
n  position  which  it  is  indispensable 
that  the  greater  part  of  the  vegetable 


substance.  In  the  asparagus,  the  aloe, 
and  other  soft-stemmed  species,  the 
woody  bundles   are   not  only  eq&ally 


kingdom  should  occupy,  whether  for  distributed,  but  are  so  soft  as  to  be 
the  due  performance  of  theic  own  vital  scarcely  recognised  for  the  same  thing 
notions,  or  for  rendering  the  earth  as  the  hard  fibres  of  a  palm  stem, 
habitable  by  man.  In  the  second  Now.if  we  compare  a  stem  of  this  sort 
place,  it  b  through  the  wood  ex-  with  that  of  an  exogen,  we  are,  at  first 
clusively  that  the  crude  sap  rises  fVom  sight,  unable  to  discover  any  analocy 
the  raoiB  towards  the  leaves,  ibr  the  between  them;  but  upon  a  more  care- 
better  performing  of  which  it  has  a  Ilil  inspection, it  willbediscoveredthat 
■imiile  and  yet  highly  elaborate  appa-  the  principal  organic  difference  con- 
ratus  of  tubes  and  vessels.  The  latter,  sists  in  the  woody  matter  of  exogens 
which,  when  yoimg,  serve  as  conduits  being  arranged  in  wedge-shaped  par- 
for  fluid,  l>ecome,  when  old,  receptacles  eels,  plunged  into  the  spongy  sut>- 
of  the  peculiar  secretions  of  trees.  In  stance  of  the  stem,  •.nd  d\«^»w&  wv 
their  joang  state  they  are  nearlv  annual  lonei -,  w\n\ft  \n  en&»i^«i&  ^\vb 
colouries^  ud  bm  a  pale  mus,  whicn  woody  mnUei  ii  neVLYtvt  «iA\«AKb.\n\.« 
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wadge  ih^Jed  parcels,  nor  uruiged  in 
annul  ooniNRbie  lonei,  but  ii  broken 
up  into  fibrous  bundles  plunged  with- 
out order  into  the  ipongy  mail.  The 
correctnesi  or  thii  view  of  their  ana- 
logy will  be  better  Hhown,  if  the  anato' 
mieal  structure  of  a  woody  bundle  of 
an  t:ndoEen  be  contrasted  with  that  of 
the  woody  wed^  of  an  exogen.  The 
wooJj  bunille  of  an  endogenous  plant, 
if  BKamined  under  a  microHcope,  ii 
found  to  be  concavo-convex,  with  ita 
convexity  turned  towards  the  outside 
cf  the  stem.  The  convex  part  uni- 
formly consisti  of  compact  woudy 
matter,  while  veisels  of  various  kinds 
tmvene  the  concavity ;  an  organiza- 
tion which  is  precisely  that  of  an  exo- 
gen,  as  has  oeen  already  described. 
Such  is  the  usual  structure  of  the 
woody  bundles  of  an  exogenous  stem. 
Occasionally,  however,  id  stems  of 
small  diameter,  such  as  the  cane,  the 
woody  bundles  are  cylindrical  (J!g.  I G), 
with  the  vessels  in  the  interior,  and  a 
-asing  of  hard  woody  matter  all  roiuiil 


Europeana  have  teldom  an  opportnu^ 
of  examining  minutely  into  nattn 
which  require  the  long  and  pitint 
investigation  of  resident  obMcnci, 
nothing  certain  is  known  of  ttu  chan- 
nels through  which  tha  ucmdincud 
dascendingeurrents  pM>  in  their  suma 
fVom  analogy,  it  ii  prasmned  that  the 
(ap  rises  by  the  woody  bundlo,  iiid 
ducenda  tluough  the  soil  spongy  mat- 
ter, but  this  is  entirely  conJKtnr*!. 

Aeragent  are  totally  diStrtnt  io 
their  organixation  from  both  ttwla*t 
In  ferns,  which  are  moat  ranutluhk 
both  for  tlieirsiie  and  aingjularity  o( 
structure,  the  stem  (^.  1 7}  ■■  a  blin- 
der, usually  hollow ;  if  wliit  having  the 
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them.  Another  and  a  more  remarkable 
deviation  from  the  general  structure  of 
endogeos  i^t  met  with  in  irrasses.  the 
stems  of  which  are  generally  hollow 
between  the  nodes  where  the  sides  itrc 
connected  by  transverse  partitions; 
but  the  arrangement  of  matter  in  the 
solid  shell  being  entirely  that  of  palms, 
grasses  cannot  be  considered  to  offer 
an  exception  to  the  taw  of  endogenous 
structure.  It  is  unnecessary  to  add 
tliet  wliere  stems  are  of  very  small  size, 
corresponding  modifications  in  the  nr- 
rani;ement  of  the  parts  are  to  lie  ex- 
))ecltd  ;  such,  for  instance,  as  the  rv- 
ductian  of  the  woody  matter  to  one 
single  woody  bundle,  surrounded  by  a 
thin  coating-  of  cellular  substance. 
Arborescent  Endogens  being  exclu- 
nvely  Mtive$  of  hot  counthes,  wher« 


centre  filled  with  a  spongy  aubstann, 
destitute  of  hark,  with  neither  woodv 
bundles  nor  woody  wedges  intenperstil 
among  the  general  substaiue  of  the 
stem-  The  shell  of  thia  cylinder, 
wliich  answers  to  the  woody  pait  a 
other  plants,  is  composed  of  excet- 
aivcly  herd  plates,  folded  upon  then' 
selves  in  such  a  manner  that  a  wc1:i>n 
□fthem  representsanumberofi 


ness,  number,  or  quantity,  after  being 
once  formed ;   but  they  seem  as  if  Ihqr    I 
were,  as  in   all   probability  they  ate,    I 
mereprolongationsof  the  woody  nutter    | 
lying  inside  the  footstalks  of  the  leaves ; 
whereas  rxogcns  increase  br  addition 
to  the  outside  of  their  wooa,  and  en- 
do^ens,  liy  addition,  to  the  inside  of    [ 
their  stem,  whence    their  mpectivs 
names  have  been  formed.    Actogeos    | 
seem  to  have  little  or  no  power  of 
increase   in   diameter,   but   simply  to     I 
lene;then  by  continual   exteoaion    at    \ 
theirpoints;  their  name  has  bean  eoa-    I 
tMea  fiwft  ttaa  ^tn 
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To  these  principal  variations  of  the  in  the  pith,  and  possessing  a  special 

mode  of  G^wth  in  the  stems  of  plants  power  of  extension  in  lenf(th. 
ihould,   perhaps,  be  added  a  fourth        Such  conical  projections  are  called 

form,  of  which  little  notice  has  hitherto  lec^f-budff.    They  are  normally  (that  is, 

been  taken  by  botanists.    This,  which  under  common  circumstances)  formed 

raiflfht  be  called  the  centrifugal,  occurs  exclusively  at  the  nodes  and  from  the 

ill  fungi,  hclicns,  and  the  lower  orders  axil  of  a  leaf.     £ven  in  the  very  in- 

of  plants  :  and  consists  uf  a  fleshy  or  fancy  of  a  plant,  while  it  is  yet  in  em- 

spon&:y  mass,  or  of  filamentous  pro-  hryo,  they  appear  at  the  axil  of  the 

cesses  radiating  from  a  common  centre,  seed-leaves  or  cotyledons,  when  they 

lu  many  respects  this  is  the  same  as  are  called  the  plumule;  and  at  every 

the  Acrocrenous,  of  which,  indeed,  it  successive  stage  of  growth  they  are 

may  be  considered  a  mere  variety  ;  for  ultimately    produced    as    the  leaves 

its  ramifications  do  not  increase  much  in  'expand. 

thickness  after  they  once  are  formed  ;        Although  they  appear  to  be  mere 
it  nevertheless  deserves  to  be  specially  projections  of  the  surface,  yet  in  real- 
explained.     In  an  obscure  plant  called  ity  they  are  not  so  ;    but    are   inti- 
Marchantia,  Mirhel  found  that  a  little  mately  connected,  for  most  impoi-tant 
thin  green  plate  was  first  formed  by  reasons,  with  the  very  centre  of  the 
the  action  of  the  reproductive  grains  stem.      In    exogens    they  universally 
orseedlets;  and  that  it  was  from  the  originate  either  frum  the  termination 
edires  of  this  plate,  when  once  fully  of  the  pitli,  or  at   the  outer  end  or 
formed,  that  all  the  succeeding  ex-  mouth  of  one  of  the  medullary  pru- 
pansions  took  place,  as  from  a  com-  cesses,  of  which  they  are,  in  fact,  an 
nion  centre,  but  always  upon  the  same  external  prolongation,  and  by  which 
plane ;  so  that  in  such  plants  the  cen-  they  are,  consenuently,  in  direct  com- 
tral  part  is  the  oldest,  and  the  circum-  municatiou  witii  the  pith.    In  endo* 
ference  the  voungest.    This  is  very  ap-  gens,  their  origin  has  not  been  traced 
parent  inlichens,which,  when  very  lar^^e,  with  the  same  exactness;    but  there 
are  always  dead  in  the  centre,  while  seems  no  reason  to  doubt  their  origi 
they  continue  to  go  on  growing  from  nating  in  the  pulpy  substance  which 
every  part  of  their  margin.     Fairy  rings  in  these  plants  corresponds  with  the 
an:  an  exemplification   of  the  same  medullary  system  of  exogens. 
thing  in  fimgi ;  these  appearances  are        lieing  axillary  to  leaves,  they  are 
external  indications  of  the  centrifugal  consequently  confined  to  the  nodes,  of 
growth  of  the  subterranean  stems  of  which  they  are,  therefore,  an  indica- 
certain  agarics,  which  originally  spring  tion,  as  they  must  also  indirectly  be  of 
from    a    common    point,    continually  the  leavtts  when    those  organs   have 
sjireading    outwards    upon  the  same  fallen  oif.     Usually  they  grow  singly  ; 
plane,  the  central  or  first-formed  parts  but  in  some  plants,  us  in  the  peach- 
uerishing    as    the    circumferential  or  tree,  they  a])])ear  in  greater  numbers, 
late !jt- formed  parts  develope.  They  most  commonly  lengthen  out 

into  branches ;  but  sometimes  if  any* 
Cii AFTER  VIII.  thing  tends  to  interrupt  or  stunt  tlieir 
nr  T     rh  ^  gixjwth,  they  exchange  their  power  of 
U/Leqf'Ouas,  lengthening  lor  that  of  liardenmg  and 
From  little  conical  projections  from  the  sharpening  at  the  point,  and  thus  be- 
stem,  which  are  at  first  of  an  uniform  come  itpi/ieg  or  thorns,  which  are  con- 
substance,  but  wliich  are  eventually  sequently  very  different  from  prickles, 
covered  by  minute  scales  very  regu-  This  may  be  distinctly  ascertained  by 
larly  and  closely  an'anged  one  over  the  examining  the  wild  orange,  or  w  hich 
other,  the  branches  of  a  plant  are  pro-  will  do  as  well,  the  common  hawthorn, 
duced;   and  without  them,  no  other  in  which  the  branches  will  be  found  in 
increase  in  bulk  can  take  place  besides  all  their  different  stages  of  alteration 
an  expansion  in  all  directions  such  as  into  spines. 

characterizes  the  centiifueal  mode  of       The  analogy  of  a  spine  of  this  kind 

srrowth,  and  such  as  we  find  in  fungi,  with  other  parts  15  not  generally  ex- 

In  other  words,  they  may  be  said  to  be  plained  in   elementary  works.      Yet, 

growing  points,  covered  with  rudinicn-  if  the  nature   of  a   bud  is  correctly 

tary  leaves,  for  their  protection,  and  understood,  such  a  structure  i)i  b^  wa 

to  consist  of  a  highly -excitable  mass  means  d'lt^cuV.  uIl  ex\iW\^V\^^u.    W.  Xvuk 

of  pmng^ym^tous  matter  oiiginating  already  beau  slaXedi  W«X  V\\«  \«^'\s^^ 


80 


BOTANY. 


is  a  fi:rowin^  point  capable  of  lonfp- 
tuilinal  extension.  Usually  it  produces 
leaves  as  it  lengthens,  and  if  those 
oi^ans  are  ^reen  and  at  regular  appre- 
ciable distances,  it  forms  a  braneli, 
but  if  they  are  coloured,  placed  close 
together,  and  differently  shape|d  fVom 
leaves,  it  forms  a  flower;  it  is  only 
when  the  lengthened  point  is  abso- 
lutely naked,  hard,  and  sharp,  as  in  the 
wild  orange,  that  it  is  a  spine.  There 
are  several  unsuspected  analogies  with 
this  :  one  of  which  is  the  spadix  of  an 
arum,  the  succulent,  blunt,  subcylin- 
drical,  naked  end  of  which  is  an  un- 
doubted form  of  the  growing  point ; 
another  is  the  succulent  receptacle  of  a 
strawberry ;  a  third  the  curious  cham- 
bered disc  of  Nelumbium. 

When  leaf-buds  appear  from    any 
other  part  of  the  stem  than  the  node, 
they  are  considered  altogether  irregu- 
lar in  their  position,  and  are  called  ad- 
Vftniitiowt,     Such,  for   instance,  are 
those  which  often  arise  from  the  roots. 
Botanists  are  unacquainted  with  the 
cause  of  parts  which  do  not  habitually 
produce    those     organs    occasionally 
giving  rise  to  them ;  but  it  is  certain 
that  any  of  the  pulpy  or  parenchy- 
matous parts  may,*  under  particulRr 
circumstances,      produce     leaf-biuK\ 
Thus  they  are  of  constant  occurrt'iic*; 
at  the  margin  of  the  leaves  in  the  plant 
called  bryophvllum;    they  are  gene- 
rated in  abundance  by  the  roots  of  the 
Oydonia  japonica,  and  many  otljers; 
and  they  have  even  been  seen  by  Mr. 
Turpin  sproutinc:  from  the  surface  of 
the  leaves  of  a  kind  of  Star  of  Bethle- 
hem—not  to  mention  other  instances. 
These  facts  explain  many  circum- 
stances that  would  be  otherwise  unin- 
tellisrible  in  the  growth  of  plants,  such 
as  the  power  that  roots  possess  of  pro- 
pagating an  individual,  and  the  ap- 
pearance of  branches  from  places  where 
they  would  not  otherwise  oe  expected, 
of  which  we  shall  treat  fully  under 
Pliysioloey.     They  also  throw  great 
light  upon  the  orimn  of  seeds. 

It  is  sufficient  to  mention  in  this 
place,  that  the  office  of  leaf-buds  is  to 
propagate  individuals,  seeds  having  no 
power  to  do  more  than  increase  a 
species;  so  that  if  a  variety  of  any 
species  is  to  be  multiplied,  "that  can 
only  be  done  by  aid  of  the  leaf-buds, 
as  is  exemplified  in  the  common  gar- 
dening operations  o{  budding  and  ^rq/7- 
t'^e,  Bnd  striking  (Vom  eyes.  They, 
uiid  the  leaves  together,  are  also  the 


origin  of  the  woody  part  of  all  plants 
which  first  appears  when  the  t^ed- 
leaves  or  eotyiedong,  and  the  sefd-bad 
or  plumule,  begin  to  act,  and  which  is 
afterwards  augmented  in  proportion  to 
the  development  of  leaves  and  leaf- 
buds. 

After  the  leaf-buds  have  begun  to 
grow,  and  have    been  covered    with 
scales  for  their  protection,  they  form, 
beneath  the  scales,  a  number  of  rudi- 
mentary leaves,  which  are  ready  to  un- 
fold and  augment  in  size  with  rapidity 
as  soon  as  the  branch  is  called  into 
action.    Nothing  can  be  more  curious 
than  the  manner  in  which  these  little 
rudiments  of  leaves  are   packed  up 
within  the  bud,  so  as  to  oocapy  the 
smallest   possible  quantity  of  room; 
or  more  remarkable  than  the  exactness 
with  which   the   particular  mode  of 
folding  which  may  be  peculiar  to  a 
given  species,  is  observed  in  every  bud 
of  every  individual.    There  is  no  un- 
certainty in  the  disposition  of  these 
minute  parts,  no  confusu)n  in  the  ar- 
rangement, nor  anything  left  to  chance; 
but  every  plait  is  so  evidently  ordered 
by  some  great  and  unvarying  superin- 
tendent Power,  that  the  manner  in 
which  the  young  leaves  are  folded  np 
has  been  adopted  for  purposes  of  sys- 
tematic arrangement  under  the  name 
of  vernation,  or  gemmation,  or  prafo* 
liation. 

Pis.  18. 


A  chapter  might  be  written  upon  the 
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lion  takes  place ;  but  we  must  here    their  position  with    respect  to   each 
confine  ourselves  to  an  indication  of   other,  in  their  texture,  and  especially 
the  most  renmrkable,  trusting  to  the    in  their  degree  of  development ;  some 
fiirures  which  represent  the  pUn  of   leaves  bein^  nothing  more  than  mi- 
transverse  sections  of  different  leaf-    nute  scales,  into  which  the  fibrous  sys- 
buds,  for  an  explanation  of  the  terms,    tern  can  hardly  penetrate,  and  others 
The  principal  forms  of  vernation  are,    being  of  a  size  which,  to  those  accus- 
1st,  the  oppressed  {fig,  18,  a),  as  in    tomed  only  to  contemplate  the  foliage 
misletoc ;  2nd,  conduplicate  (ft),  as  in    of    European     plants,    must    appear 
the  rose;  3d,  imMcaie  {c),  as  in  the    almost  fabulous.    The  leaves  of  the 
lilac  ;  4th,  equitant  id),  as  in  the  iris  ;    bujoor  palm  of  India  (corypha  elata) 
5th,  obvolute  (e),  as  in  the  sage  ;  6th,    often  measure  thirty  feet  in  circum- 
plaited  (/),  as  in  the  vine  ;   7th,  invo-    ference,  and  have  a  stalk  to  support 
ff^te  (g),  as  in  the  violet ;  8th,  revo-    them  twelve  feet  long ;   so    that    if 
hite  (A),  as  in  the  willow ;  9th,  convo"    placed  on  the  ground,  one  of  these 
iutp,  or  supervoluie  (i),  Rs  in  the  apri-    enormous  leaves  would  be  four  times 
cot;  and  1 0th,  circtna/tf  (A),  as  in  sun-    as  high  as  a  tall  man.    Theie  is  no 
dew  (drosera).  machine  of  human  invention,  however 

extensive  and  complicated,  which  can 

Chaftbr  IX.  for  a  moment  be  compared  with  such  a 

^>,  r^__  ...        ...  .      .        ,    natural  apparatus  as  this  forwonder- 

0/ Leaves,  thetrpoittton  and  external   fdly  elabSate  mechanism.    Its  digest- 

struetuTB.  ing  ggUg  ^^  infinitely  more  numerous 

The  stem  is  clothed  with  what  are  col-    than  all  the  houses  of  London  and  its 

lectively  called  its  appendages,  or  ap-    environs ;  and  all  the  streets,  alleys, 

{)endages   of  the  axis,  consisting  of   and  passages  of  that  huge  metropolis 
caves  and  their  modifications,  and  of   shrink  into  insignificance  when  con* 
flowers  with  their  parts.   The  former,    trasted  with  the  myriads  of  ramifica- 
taken  with  the  stem  itself,  are  called    tions  of  the  veins  of  such  a  leaf. 
organs  of  vegetation  oi  nutrition  ;  the        Where  the  bark  .first  projects  into  a 
latter  oifruetifieation  or  reproduction,    leaf,  which  is  called  the  point  ofinser- 
Leaves  are  usually  those  expansions    tiun,  the  leaf  is  usually  narrow,  and 
of  the  bark  into  which  slender  pro-    either  round  or  half  C3rhndrica],  and  it 
ci'^es  of  the  wood  and  fibre  insinuate    forms  a  stalk  to  the  thin  and  fiat  part ; 
themselves,  and  within  which,  after    the  former  is  called  the  petiole,  and 
shooting  beyond  the   surface  of  the    the  latter  the  lamina  or  olade.    If  a 
stem,  they  expand  and  branch  in  eveiy    leaf  has  no  stalk,  it  is  said  to  be  sessile 
direction,  filling  the  whole  of  the  puJpv    upon  the  stem.    The  stalk  of  a  leaf  is 
substance  with   a  network  of  tough    therefore  merely  the  channel  of  com- 
nnd  stiff  fibres,  which  serve  to  sustain    munication  between  the  leaf  and  the 
the  mass  of  the  leaf.  The  leaf  is  there-    stem,  and  may  be  supposed  to  be  pro- 
fore  in  intimate  connexion  with  both    duced  by  the  woody  matter  when  it 
I)nrts  of  the  bark  on  the  one  hand,  and    first  quits  the  stem  to  form  a  leaf,  be- 
v.ilh  the  wood  on  the  other,  consisting    fore  it  l>egins  to  ramify :  and  it  in  fact 
nf  portions  of  the  s^tems  of  these    consists  of  one  or  more  bundles  of 
two  important  parts  mtimately  inter-    woody  matter  surrounded  with  cortical 
mingle^  but  each  capable  of  acting    integument.    In  many  plants,  such  as 
sinc:Iy  as  well  as  in  concert.  The  pulpy    grasses  and  sedges,  it  is  thin,  and  orga- 
siil)5tancc  which    expands    from  the    nized  exactly  hke  the  blade  itself:  in 
surface  of  the  bark  and  forms  the  prin-    some  plants  it  appears  to  exist  without 
cipal  part  of  the  leaf,  is  technically    any  blade,  and  consequently  to  be  of 
named  the  jwzrencA^a,  and  the  fibres    itself  capable  of  performing  all  the 
that  sustain  it  veins.   The  latter  are    functions  of  a  leaf,  as  in  some  stre- 
also  frequently  called  nerves  or  ner^    litzias,   in   what   are    called   leafless 
vures  in  botanical  language,  although    acacias,  and  possibly  in  the  majority  of 
improperly,  for  they  arc  merely  chan-    endogens.     Although,  therefore,  ap- 
ncis  through  which  fluids  are  impelled,    parently  a  distinct    organ   in    many 
and  they  nave  no  connexion,  as  far  as    cases,  sometimes  being  even  jointed 
we  know,  with  any  action  resembling    with  the  blade,  the  stalk  is  in  fact 
the  nervous  system  of  animals.  nothing  but  the  lo^ec  ^t\.\ow  ^  >\v^ 

Leaves  are  exceeding*]/  diversified  in    leaf ;  and  hence  in  «W  xeA&on\Ti<^  ^^Wr 
Term,  ia  the  figure  of  their  outline,  in    cerning    idenWlY  o^  iXmc^Vos^^  ^   ^ 
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-tri^in  of  parts,  the  ftalk  and  blade  are 
to  be  considered  one  and  the  same 
organ,  and  need  not  be  specially  dis- 
tinguished. The  importance  of  this 
axiom  will  appear  hereafter. 

If  the  branch  of  any  plant  be  taken 
foi  examination,  it  will  always  be  found 
that  the  leaves  are  arranged  in  some 

S articular  order;  and  that  all  other 
ranches  of  the  same  individual,  or  of 
the  same  species,  have  the  leaves 
arranged  in  the  same  order,  so  that 
the  largest  tree  is  merely  a  mass  of 
branches,  all  of  which  are  essentially 
the  same.  In  all  cases  they  arise  from 
a  node,  and  form  one  or  more  leaf-buds 
in  their  axil.  In  position,  with  relation 
to  one  another,  they  are  either  placed 
alternately  one  al)ove  the  other  (/g*. 
19,  a),  seemingly  on  opposite  sides  of 
the  stem,  or  they  arise  from  opposite 
sides  of  the  stem  at  the  same  level. 

Fig.  19. 


exactly  touched.    Now,  as  the  ^ted 
of  a  branch  is  formed  by  the  mctioci  of 


wiien  they  are  called  opposite  (A),  if 
growing  in  pairs,  or  whorled  or  verti- 
ciU<ite  (c),  if  there  are  several  in  oppo- 
sition. 

It  is,  however,  especially  to  be  re- 
marked, that  in  alternate  leaves,  one 
leaf  is  not  exactly  opposite  the  other 
at  a  higher  level  on  the  stem,  although 
it  seems  to  be  so,  but  it  is  placed 
a  little  to  the  right  or  left  of  what 
would  be  exactly  a  central  point,  and 
the  leaf  which  succeeds  is  in  like  man- 
ner a  little  out  of  opposition,  and  so 
on;  thus  several  leaves  may  be  pro- 
duced before  another  shall  be  exactly 
opposite  to  that  from  which  the  ob- 
server- started.  This  will  be  clearer  if 
we  project  the  places  of  the  leaves  upon 
a  circle.  Lft  a  by  in  the  circle  C,  be 
two  opposite  points:  b  we  will  suppose 
is  the  origin  of  a  leaf,  number  I ;  the 
second  may  appear  at  2  ;  the  third  at 
3;  the  t'ourih  at  4 ;  and  it  would  not 
be  till  the  Mh  Jeaf  was  produced  that 
Op  the  point  opposite  to  b,  would  be 


leaves,  as  will  be  hereafter  shown,  this 
is  a  beautiful  provision  of  nature  to 
insure  the  exact  symmetry  of  the 
branches  :  for,  although  if  the  branch 
represented  by  the  circle  C  consisted 
of  but  five  leaves,  as  placed  upon  the 
diagram,  more  wood  would  be  formed 
from  2  to  5,  and  from  1  to  4,  than  fiom 
1  to  3,  or  from  3  to  5,  or  firom  2  to  4, 
yet  if  only  three  more  leaves  were 
developed,  those  three  would,  upon  the 
same  principle  of  arrangement,  be 
stationed  in  the  wider  spaces  at  *,  and 
thus  would  fill  up  the  veiy  parts  where 
they  would  be  required  to  form  wood 
to  complete  the  circularity  of  the 
branch.  This  law  is  adhered  to  in  a 
most  remarkable  manner  in  all  leaf- 
bearing  plants ;  and  appears  to  be  in 
reality  owing  to  leaves  being  con- 
stantly disposed  in  a  spiral  manner 
from  the  base  to  the  apex  of  a  branch. 
This  order  is  not,  indeed,  obvious  in 
branches,  when  the  leaves  are  vei}'  far 
asunder,  although  even  in  such  cases 
it  may  be  detected  by  drawing  a  line 
from  tne  base  of  the  lowest  leaf  to  that 
of  the  one  above  it,  and  so  proceeding 
until  the  bases  of  all  the  leaves  on 
the  branch  are  connected.  But  when 
leaves  are  small  and  arranged  very 
compactly,  as  on  the  branch  of  an 
araucaria  pine,  or  on  the  cone  of  any 
fir  or  pine,  the  spiral  disposition  is  at 
once  manifest ;  and  in  the  trees  called 
pandanus  by  botanists,  the  spind 
arrangement  is  so  very  remarkable 
over  all  the  branches,  that  they  are 
hence  called  by  the  English  serew 
pines. 

It  is  not  in  alternate-leaved  plants 
alone  that  this  order  of  leafing  is  ob- 
served ;  even  in  those  with  opposite 
and  verticillate  leaves  it  taJces  place, 
only  \TV  a  «otxM;v\i«X  ^^'Nsi&.,iB»aiiAr. 
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generally  decussate,  that  is,  cross  each 
other  at  right  angles  ;  so  that  the  cor- 
responding leaves  of  each  alternate 
pair  are  placed  exactly  one  over  the 
other,  as  at  Jig.  '21,  where  1.  1,  repre- 


sent  the  places  of  the  first  pair  of 
leaves  :  3,  2,  those  of  the  second  pair, 
and  3,  3,  those  of  the  third  pair,  wnich 
corresponds  with  1,  1.  The  conse- 
quence of  this  is,  that  the  young 
branches  of  opposite-leaved  plants  are 
usually  more  or  less  four-cornered,  in- 
stead of  circular 

Whorled-leaycd  plants  have  their 
leaves  placed  in  precisely  the  same 
manner  as  the  last ;  that  is,  each  whorl 
crosses  that  which  preceded  it,  as  in 
/fg,  22,  where  the  first  whorl  is  repre- 
sented by  I ;  the  second  by  2 ;  and 
the  third  by  3. 

That  leaves  such  as  those  last  de- 
scribed should  nlso  be  reconcileable 
with  the  notion  of  a  spiral  arrange- 
ment seems  at  first  sight  improbable. 
But  if  thuy  are  studied  with  care,  cer- 
tain facts  will  be  discovered  which  not 
only  tend  to  render  such  an  opinion 
probable,  but  almost  to  demonstrate 

Fig.  22. 


its  truth,  and  that  in  reality  all  modes 
of  arrangement  in  leaves  are  reducible 
to  the  theory  of  a  spiral.  In  all  con- 
sideration! of  this  nature  we  must 
study  intennediate  forms  and  stnic- 
tnre,  aad  oof  eon&ae  oimelves  to  ex- 


treme cases ;  and  in  seeking  to  dis- 
cover the  analogy  between  the  opposite 
and  alternate  forms  of  leafing,  we  must 
not  confine  ourselves  to  branches 
where  leaves  are  invariably  one  or  the 
other,  but  take  those  in  which  there 
exists  a  tendency  to  vary.  Thus,  in 
the  rhododendron  ponticum  some 
leaves  are  opposite,  some  alternate. 
In  this  case  we  find  that  the  leaves 
become  opposite  where  the  intemode, 
or  space  Detween  two  leaves,  is  not 
developed ;  and  that  when  it  is  de- 
veloped, the  leaves  are  alternate. 
Again,  in  many  heaths,  whose  leaves 
are  habitually  whorled,  or  in  honey- 
suckles, in  which  they  are  apposite,  it 
is  found,  that  if  anything  disturbs  this 
arrangement,  such  as  preternatural ly 
rapid  growth,  the  whorls  or  pairs 
se{)arate,  and  the  leaves  become  alter- 
nate, acquiring  a  spiral  order.  Again, 
if  branches,  the  leaves  of  which,  under 
common  circumstances,  are  alternate, 
become  unnaturally  contracted,  as  in 
the  majority  of  what  are  called  stemless 
plants,  the  strawberry,  for  instance, 
the  leaves,  which  would,  under  dif- 
ferent circumstances,  have  been  alter- 
nate, become  opposite  or  whorled. 
Hence  it  is  inferred,  that  when 
branches  grow  in  an  uninternu*tod 
manner,  their  leaves  arc  alwa}'s  alter- 
nate ;  that  when  they  are  alternately 
stopped  in  their  growth,  as  if  subject 
to  a  sort  of  oscillation  of  development, 
they  become  opposite  :  and  that  when 
this  st()])page  takes  j>lace,  till  three  or 
more  leaves  are  produced  before  the 
growth  of  the  branch  is  continued, 
they  l)ecome  wliorled.  No  cause  can 
be  assigned  for  ^uch  a  growth  and 
stoppage  of  growth  in  branches ;  but 
it  appears  to  be  one  of  those  specific 
vital  phenomena,  with  a  knowledge  of 
the  existence  of  which  the  human 
mind  must  remain  satisfied. 

Chapter  X. 

Of  Leaves  continued ;  their  usual 
modifications  of  Form, 

In  its  usual  or  regular  state,  a  leaf 
is  a  thin  expansion  with  one  surface 
turned  towards  the  heavens  and  the 
other  towards  the  earth.  In  this 
state  it  is  liable  to  vciy  numerous 
varieties  of  form,  by  which  botanists 
distintniish  species  from  each  other, 
but  into  all  the  details  oC\v\\vc\\\Vv\^Vh 
not  the  B\ace  \o  exvVtx.  TW  ^i^"*^«t 
part  of  ln«ae  ai«  ^«a\^a.V«:^  Vj  VvnsA. 


which  are  either  uicd  in  their  ordinuy 
acceptation,  or,  bein^  applied  to  other 
parta  ai  well  ai  leavei,  enter  into  the 
lut  or  names  which  will  hereafter  be 


It  is  the  opinion  or  botanisti  that 
the  roost  remarkable  of  the  form* 
we  meet  with  in  leaves  are  owing  to 
the  peculiar  manner  in  which  the  veins 
ramify  in  the  parenchyma ;  that  one 
class  of  forms  ii  produced  when  the 
veins  pass  straight  from  the  top  of  the 
petiole  to  the  margin ;  another  class 
when  they  curve  inwards,  and  grow  to 
one  another  without  touching  the  mar- 
Kin  ;  a  third,  if  they  pass  in  parallel 
hnes  irom  the  base  to  the  apex  of  the 
Icaii  and  so  on.  And  hence  the  ar- 
ranicement  of  veins  has  been  made  the 
fundamental  principle  of  a  classifica- 
tion of  their  modifications.  Although 
this  may  t>e  carried  too  far,  and  is  cer- 
tainly not  free  from  objections,  it  is, 
nevertheless,  the  most  convenient  mode 
which  has  yet  been  devised.  Upon 
this  principle  the  three  following  pri- 
mary groups  have  been  proposed ;  of 
each  of  which  we  shall  give  some  ex- 
amples. 

1.  Fbrked-vgined. 

2.  Parallel-veined;  ofwhich«'rut^A(- 
tieitud  and  eurve-veined  are  formsi. 

3.  Reticulated;  to  which  are  referred 
the  ribbed,  the  radiated,  and  the  Jea- 
ther-veined  leavei. 

Forktd-veitied  leaves  are  those  in 
which  the  veins, whenever  Ihcy  divide, 
separate  into  a  fork,  the  arms  of  which 
fbrk  af^in,  without  forming  a  net-work 
by  growing  into  some  other  vcin<.  In- 
stances of  this  are  most  usual  in  ferns 
(fig.  23),  which  are  known  1>y  this 
amonff  other  characters. 
Fig.iS. 


veins  proceeding  from  their  origin  to 
their  termination  withaat  fatanchiu 
only  connecting  themaelvea  by  equal^ 
simple  veinletl  which  paM  off  fton 
them  at  right  angles.  Leavea  of  this 
characteristic  of  endogeni,  in 

■ .  . (Uatinct 

straight 

from  the  lower  to  the  upper  end^the 
leaf  running  parallel  witn  the  mid-iib, 
as  in  grasses  and  lilies,  whence  Ihey 
are  called  ttraigAl-veimed  (fig.  2i,  a), 
or  Ihey  diverge  from  the  mid-rib  to- 
wards the  margin,  where  they  lose 
themselves  and  are  called  eunM-vdned 
(fig.  24,  b).  as  in  the  Indian  shot 
(Canna),  the  arrow-root  plant  (Ha- 
ranta),  and  the  plantain  (Muaa).  The 
ragged  appearance  of  a  plantain  tnc^ 
when  exposed  to  wind,  is  owinjc  to  Uiii 
cause  :  its  leaves  are  long,  twavy.  ud 
broad ;  and,  consequently,  oflier  mHk 
resistance  to  the  wind  ;  Dat  ther  aii 
also  veiy  thin,  and  easily  torn;  tnm- 
fbre,  when  this  happeiu,  the  luan- 
tion  will  necessarily  take  place  in  the 
line  of  least  resistance,  vrhieh  i> 
from  the  cd^e  to  the  mid-rib,  paialltl 
with  the  veins,  and  not  across  than. 
Palms,  on  the  contraiy,  which  are 
strniglit-veined  plants,  never  exhiUt 
the  appearance  of  the  plantain ;  bnl,  if 
torn,  rend  from  one  end  towaidi  the 
other  into  long  shreds. 
Fig.  24. 


Panllelveinid  leaves  ha\e  then 


Uftir.ulated,  or  netted,  leavos,  an 


........    -hose    ramifications    become 

gradually  smaller  and  smaller;  and 
growing;  to  one  another,  divide  the 
leaf  into  an  infinite  number  of  angular 
spaces,  and  form  that  beautiful  net- 
work which  is  so  much  atlmired  in  the 
dissected  leaves  of  the  shops.  In  their 
most  usual  state  the  veins  of  these 
leaves  proceed  from  the  mid-rib  at  an 
angle  more  or  less  acute,  towards  the 
margin,  sending  off  vcinleta  in  their 
■paasage  NtUclv  m«ct.  aad  anastomoie 


with  the  v«inleti  of  other  veiiu.  The 
TeiiM  themselve*  curve  inwftrdi  u  they 
appraach  the  naTsin,  and  finmlly  grow 
to  the  back  of  the  vein  immediately 
hefore  them,  sending  off  throughout 
their  whole  length  their  delicate  net- 


mined  by  the  manner  in  which  the 
margin  ii  directed :  for  thi«,  nlthouith 
in  lome  measure  dependant  upon  the 
ditpoaition  of  the  veini,  n  itself,  to  ■ 
great  extent,  an  independant  ptieoo- 
meoon. 

On  this  lubject,  as  upon  almost  all 
others  connected  nith  the  theory  of 
vegetable  structure,  the  older  botanists 
held  erroneous  opinions.  They  con- 
sidered a  leaf  to  oe  a  Ixtdy  ori^innlly 
undivided,  which,  owing  to  some  un- 
intelligible action,  became  cut  into 
segments  in  different  ways,  lo  as  to 
acquire  eventually  a  lobed  structure. 
There  can,  however,  be  no  rensonable 
doubt  that  the  explanntion  given  of  its 
nature  by  De  Candolle  is  the  true  one. 
This  distinguished  botanist  has  entered 
much  more  at  lai^  upon  this  subject  in 
his '  Organograpliie'  than  is  consulent 
with  our  plan ;  instead,  therefore,  of 
taking  his  words,  we  shall  give  an  expla- 
nation of  our  own  of  the  theory  of^he 
structure  of  leaves  founded  upon  them. 


De  Candolle  has  shown  that  the 
tbnni  of  leaves  of  this  sort  are  very 
much  dependent  upon  the  relative  pro- 
portions of  the  veins :  thus,  if  all  the 
lateral  veins  are  short  and  of  equal 
length,  a  leaf  will  be  linear  (/g.  85,  a); 
if  those  of  the  middle  are  sensibly 
longer  than  the  veins  uf  the  base  and 
apex,  the  form  will  be  elliptical  (b), 
oblong,  or  even  orbicular  ;  but  if  the 
veins  near  the  base  are  the  longest  and 
generally  diminish  towards  the  point, 
the  leaf  will  be  ovate  (c) ;  or  if  the 
longest  veins  are  Iwyond  the  middle, 
obovate  (d). 

Sometimes  (he  netted  form  is  varied 
by  the  presence  of  several  ribs  which 
nin  side  by  side  from  the  base  lo  the 
apex,  as  in  the  melastoroa  and  the  dog- 
wood ;  this  is  called  ribbed  (r),  and  may 
be  mistaken  for  a  parallel-veined  leaf  if 
attention  be  not  paid  to  the  netting  of 
the  veins  between  the  ribs.  In  another 
state  several  ribs  proceed  like  the  rays 
of  a  circle  from  the  point  where  the 
blade  and  the  stalk  of  t>ie  leaf  unite  (/), 
at  in  the  poplar,  and  form  a  radiated 
leaf.  And,  finally,  in  the  oak  and 
many  other  plants  in  which  the  veins 
proceed  straight  from  the  mid-rib  to 
the  margin,  without  bending  inwards, 
the  leather- veined  form  is  produci'd(^). 

It  is  not  bv  the  arrangement  of  their 
veins  alone  that  the  character;  of  leaves 
are  aAetad;  Oiey  are  essentially  dete^ 


surrounded  by  cortioal  integumt-nt  or 
parenchyma.  At  a  certain  distance 
from  the  stem  the  sliilk  begins  to 
branch,  and  each  branch  carries  with  it 


its  own  coating  of  paiench^m*-,  «.\w^ 
separate  Tam\&:a\.v)a,^'«(e^«i  mwNiut, 
has  also  iU  pu«iiift(<inaVwa  «ti.'i^Q>'V«< 


Suppose  the  r&mificatiDnB  to  remain 
perpetually  distinct,  and  mEiely  to  de- 
velope  upon  a  plane  ivithuut  touching : 
and  yve  have  such  aleaf  ns  thetiipillary 
many-parted  one  of  a  nater  ranuncu- 
lus, or  of  a  hymenanhyltum  {fig.  2B.a). 

Lei,  however,  the  ramifications  of 
such  a  leaferow  together  at  their  edges 
in  a  slitcht  dc^rrc,  and  a  leaf  like  that 
of  jatropha  vf  ill  be  the  result  (b).  Sup 
pose  the  mutual  adhesion  of  the  conti 
guous  ed);es  take  place  still  Airther 
and  the  leaf  of  meadow  geranium  y-iSi 
be  the  result.  If  all  the  secotidai) 
ramificBtiuns  of  that  leaf  grow  together, 
we  shall  have  the  digitate  form  of  the 
common  paanon-flower  (i:).  The  priti 
cipal  divisions  of  this  last  united  hall 
vray  up  will  produce  a  five-lobed  leaf 
like  that  of  stcrculia  platanilblia  id) 
still  more  consolidated,  the  crenellcd 
leaf  of  dichondra  will  be  the  result  if) 
And.  finally,  if  a  coalition  of  all  the  ex 
terior  ramifications  be  completed,  we 
shall  have  the  entire  orbicular  leafoi 
the  common  asarabacca  (Asarum)  {g) 

This  explanation  has  thus  buen  ap- 
plied to  a  particular  class  of  structure 
— namely,  the  radiated ;  but  it  must  be 
obvious  that  it  is  equally  applicable  to 
all  other  Ibrms.  For  the  terms  that  are 
cmpioviiltodescribeall  these  and  other 
nioditfeations  we  refer  to  the  chapter 
upon  Descriptive  Botany. 

Thereis.ftowever.  a  kind  of  division 
somewhat  difierent  I'rom  this,  atthouii;h 
the  same  in  principle,  of  which  par- 
tiit'dar  mention  must  be  made.  Sup- 
pose tlic  primary  ramifications  of  .1 
skeleton  feather- veined  leaf  to  remmn 
quite  distinct,  while  the  ramifications 
of  all  their  divisions  arc  consolidated 
into  separate  leaves,  or  rather  leaflets, 
and  a  soitofeompuundleaf.suchas  we 
find  in  the  liquorice,  the  pea,  &c..  will 
be  produced;  this  is  called  pinrrafrd 


in  its  tertiary  ramifications,  while  the 
tirst  and  second  veins  remain  distinct, 
and  we  have  the  bipinnnted  leafof  thK 


the  venous  system  lo  ]te  grown  together, 
while  the  first,  second,  and  third  are 
distinct,  and  the  unusual  structure  of 
trifiitiHatioH,  such  as  is  Ibund  in  tha- 
liclrum,  will  be  produced  (c).  Such 
divisions  may  be  carried  still  fiirthei', 
but  the  only  name  which  is  then  ap- 
plied  is  tt^radeeompnund. 
Learea  thus  deeply  divided  are  com- 


monly called  compottHd,  whUe  leftvet 
whicri  are  Icm  than  pinnated  uc  tud 
to  be  limpte ;  but  these  teimi  uc  no* 


restncted  otherwise  When  a  petiole 
14  jouitcd  with  the  bla  le,  or  with  the 
leaflets,  the  leaf  is  considered  com- 
pound whether  the  blade  be  undividtil 
or  not  nnd  on  the  other  hiind,  the 
most  deeply  or  frequently  divided  leavei 
are  considered  simule,  11  no  aiiiculatien 
exists  Iwtween  the  blade  and  the 
petiole.  Thus  tlie  leaf  of  an  orange  is 
compound,  of  a  palm  simple. 

Chapter  XI. 

0/  LetwM  cuitinued:  thrir  unKtua! 
rnDttificaiiim*  of  Fortn. 

Besidki  the  variations  in  the  cxiemal 
structure  of  leaves  treated  of  in  the  last 
chapter,  there  arc  otiiers  which,  being 
exceptions  to  general  rules,  dest'rve  to 
be  noticed  separately. 

These  exceptions  are  chiefly  owing 
to  five  causes,  or  to  a  combination  of 
more  than  one  of  them,  namely,  1,  a 
turgid  state  of  all  the  parts,  owiiut  to 
the  parenchyma  being  excessively  suc- 
culenl  :  2,  a  general  or  partial  diminu- 
tion in  siie  ;  3,  an  excessive  expansion 
of  particular  portions ;  4,  an  unustul 
contraction  and  hardening  of  parts 
which  are  generally  broad  luid  leafy ; 
and  S,  the  growing  together  of  parts 
vihkh  VK  usually  distinct. 


consequent  distention  of  the  paren- 
ch3nna  in  e.  particulu  direction  that 
the  singular  leaves  of  Ihe  meiembiy- 
anthema  are  indebted  for  their  ourioiu 
forms.  In  one  spt^ies  they  are  teime- 
lar-thaptd  (acinar iform)  i^.  98,  a), 
because  the  parenchyma  increases  in 
thickness  from  the  front  to  the  back, 
while  the  width  is  not  augmented  in  a 
corresponding  degree  ;  in  other*  they 
are  are-thaped  fdolahrifarm)  (6),  or 
deltoid  (e)>  from  the  action  of  the  same 
cause  in  a  different  direction ;  or  they 
may  be  cylindrical  conoids  {it),  as  in 
mcsembiyanthetnum  barbatum,  or  the 
Ffg.W 


isolated  and  incapable  of  explanation 
from  any  Kcondaiy  cause. 


n  onion,  in  which  latter  they  an 
ftlso  hollow,  because  the  circumference 
of  such  a  leaf  grows  tester  than  the 
centre,  which  is  in  conscqucnci;  torn 
and  led  vithout  parenchyma  to  fill  it 
up. 

A  genei-al  or  partial  diminution  in 
the  lixe  of  p^Lrtfi  iiroducef  some  great 
deviations  from  the  usual  stnicture.  If 
all  the  [larls  ar«  rediited  to  their 
smallest  size,  such  Iciives  a<i  those  at 
the  most,  which  are  nipre  minute  and 
thin  settles,  or  of  lathnea  Hnd  similar 
nnrasites,  whicli  are  lHre:er  and  more 
fleshy,  but  still  mere  scales,  may  be 
the  rt'sult.  But  if  the  diminution  in 
■iie  lake  place  only  partially,  it  will 
umply  be  attended  liy  a  loss  of  sym- 
metry, which  will  hence  cause  remark- 
ftble  changes  in  appearance.  In  Befrp- 
nia,  for  inntanci^,  onu  side  of  the  leaf  is 
considerabtysmallerthanthe  other,  and 
it  becomes  what  botanists  call  oblique, 
or  one-sided  (Jtp.  29,  al ;  in  a  pinnated 
leaf,  the  leaflets  of  one  side  may  dis- 
appear, as  in  anthyllis  and  others  (bj. 
These  circnra stances  are  always  caused, 
according  to  De  Candolle,  by  the  situa- 
tion of  such  leave!)  upon  the  stem 
being  mere  favourable  to  the  develop- 
ment ij  one  aide  than  of  the  other;  but 
this  statement  is  scanelf  borne  out 
hy&ct»,  which  aeem  ratfler  to  atind 


The  exeessire  expansion  of  particular 
portions  is  much  more  frequently  pro- 
ductive  of  sini;ularity  of  form  than  any 
orthe[>recedin{;,  Theexpanaionof the 
petiole  in  the  orange  (_fig.  30,  a),  and  the 
dionsa  gives  that  part  very  much  the 
appearance  of  a  tear;  a  similar  struc- 
ture in  the  compound  leaf  of  a  beiionia 
from  Madagascar,  combined  with  Ihe 
non-formation  of  leaflets,  converts  the 
petiole  into  what  has  been  called  a 
lomentnceovis  leaf  (6) ;  and  a  similar 
Ims  of  leaflets  connected  with  an  exces- 
sive expansion  of  the  pttiole  Ibrms  the 
phyUodia  of  the  so-called  leafless 
acacias  of  New  Holland  (c,  d,  e). 

Fig.  30. 


When  certain  parts  of  the  leaf  con- 
tract and  harden,  tpines  are  formed,  as 
in  the  edices  of  the  common  holly  leaf, 
where  the  hardenini;  i<i  confined  to  the 
lobes :  and  in  the  berberry,  which  has 
the  principal  veins  of  its  leaves  sejia- 
rated  and  hardened  f^.  -11,  a.  b).  In 
a  species  of  prusopis,  the  oni'  half  of 
the  leaflets  contracts  into  a  spine, 
whiletheotherhalf  remains  leafv.  But 
the  moat  aiitfEulai  VasVwcft  Ql  V\n» V\\A 
of  deviation  imtm  u«uei  A.TO)A.\a%  w^ 


vihich  the  up^ier  lekfleta  of  iti  pinnated 
leaves  contract  and  curve  into  Kcythc- 
(haped  hooki  by  which  the  dcsmoncus 
climbs,  while  tlu:  lower  leaflets  retain 
the  luual  appearance  of  leaves. 
Fig.  31. 


seems  to  i^row  through  the  '.BaTo^  it 
conif  quence  of  tlie  base  of  two  oppMitc 
leaves  adhering: ;  a  similar  appearmnec 
it  produced  in  bupleunim.  by  the  baici 
of  each  alternate  leaf  curving  round  the 
stem,  and  then  growing  leather  into 
a  perfoliate  Imfib).  But  it  ii  when 
a  leaf,  or  some  part  of  it  curves  inwaidi 
till  the  opposite  margins  touch,  aod 
then  grow  together,  that  the  most  sin- 
Kiilar  appearances  are  produced.  What 
are  commonly  called  pitchers  originate 
thus.  In  some  species  of  dischidia 
the  blade  of  the  leaf  acts  thus,  and  at 
the  same  time  becomes  enlarf^  and 
succulent ;  the  consequence  ii  a  sort 
of  leathery  bag  (c),  in  which  the  plant 
carries  lo  the  tops  of  trees  the  water  it 
requires  for  its  support.  In  the  side- 
saddle flower  (Sarracennia)  it  is  the 
whole  petiole  which  is  thus  afflicted, 
the  blade  of  the  leaf  remaining  nn- 
chan^d,  and  acting;  as  a  sort  of  lid  to 
the  pitcher ;  while  m  nepenthes,  or  the 
true  pitcher  plant  of  India  (it),  the 
petiole  is  partly  round,  and,  in  ita  com- 
mon state,  partly  expanded  into  the 
form  of  a  leaf,  and  partlv  rolled  up  into 
a  pitcher,  leaving  tne  blade  of  the  leaf 
at  its  extremity  as  a  cover  to  the 
pitcher. 

Thus  it  appears  that  all  the  varied 
forms  of  leaves  are  to  be  reduced  to 
one  primitive  type,  from  which  they  are 
Jevintions,  and  which  are  to  be  ex- 
plained upon  iKrfectly  simple  and  in- 
telligible principles.  It  will  herealliT 
be  seen  that  the  leaf  is  the  type  of 
forms  htill  more  remarkable  thnn  any 
now  mentioned,  and  havini;  a  totally 
ditfi'rent  class  of  functions  to  perform. 

Chapter  XII. 

The  universal  presence  of  leaves  upon 

iill  plants,    their   highly  complicated 

structure.lhcintimateronnexion  which 

it  has  been  shown  that  they  maintniu 

betneen  the  systems  of  the  wood  and 

bark,  their  extremely  high   dcvelqv 

nient  in  many  cases,  and  their  multi- 

piicil  variety  of  form,  all  lead  to  the 

opinion  that  they  are  organs  of  the 

most  essential   importance.     This  is 

tunfirmed  by  their  internal  structure. 

lobes  of  the  base  of  the  Icat  grow  to-     independently  of  experiment. 

gether,  so  that  the  st.ilk  k>oks  as  if  it         Most  leaves  are  no  thicker  thnn  a 

proceeded  from  the  middle  of  the  leaf,     P>ece  of  paper  or  parchment,  and  ap- 

the  ;«t(er  becoming  what    is  caUed    pear  to  the  naked  eye  as  nothmK  more 

fi»f/a/f.    lo  the  honeysuckle  the  sUm    tiiwi  ».  ftw\  i^tw  T^»,\ft.  so  n»t  an 


But  none  of  all  these  causi^s  produces 
so  strong  an  efiect  upon  the  general 
appearance  of  a  leaf,  or  tends  so  much 
to  render  it  unlike  itself^  as  the  ad- 
hesion of  one  part  toanother,  especially 
if  accompanied  by  some  of  the  altera- 
tions already  spoken  of.  Thus  in  the 
iris  the  leaves  resemble  the  blade  of  a 
straight  sword  with  one  edge  turned 
towards  the  sky,  and  the  other  towards 
the  earth.  This,  which  is  called  fQii- 
tant,  is  caused  by  the  leaves  folding 
up,  and  their  faces  forming  an  ad- 
hesion with  each  other  {Jig.  32,  e). 
In  the  nasturtium  ifg.  32,  a),  the  two 


BOTANY.  M 

oiiiinHry  observer  would  never  Ruspoct  under  side  nre  four  or  five  Ujiera  of 

tliftt  thi^ir  internal  structure,  whicri  no  similar cylindricitl  biaddersiyxngparal- 

eye,  unasiisted  by  ^Lasseii,  c&n  invest!-  lei  with' it,  toucbin^  each  other  only 

Rate,  wa«  one  of  the  moiit  complicated  at  their  ends,  and  farmins  the  sidei 

and  hi);hly-or^niied  character  ;  and  of  a  number  of  chambers  which  eom- 

yet  there  n  no  part  amons:  those  wijh  municate  freely  with  each  other.    This 

tvliifli  plants  are   furnished  which  is  lower  layer  joins  the  upper  layer,  thus 

moi-e   coinplex.      It  is  necessary,  in-  dividing  the  whole  of  the  inside  of  the 

deed,  that  it  should  be  so,  in  order  to  leaf  into  two  pnrlions,  the  constituent 

be  enabled  to  perfDrm  tbe  important  parts  of  whicli  are  perpendicular  to 

functions  of  digestion,  resjiiration,  and  the  upper  surface  and  parallel  with  the 

perspiration,  for  which  it  is  destined.  lower ;  the  iijiper,  where  the  skin  has 

This  subject  has  been  very  carrfuUy  comparatively    few    stoniates,    being 

inveitigated  by  Messrs.  Mohl.Adolphe  very  compact,   tlie   lower,  where   the 

Brongniart.Meyen.andMirbel.towhom  alomates  aic  numerous,  beinj;  very  lax 

we  are  chiefly  indebted  for  our  know-  and   cavernous:    a    beautiful    adjiist- 

led^e  concemini;  it.    Perhnps  the  most  ment  of  parts  most  admirably  adapted 

simple  mode  of  exptunin^  the  reiiult  of  to  the  junctions  of  the  leaf,  as  will  be 

their  observations  will  be  to  take  some  htireafter  shown. 

c-ommonkindofleafasatype,ofwhich  Tliis  is  the  common  structure  i  that 

all  others  may  be  considered  modifica-  ' 
tions.    For  this  purpose 


wiU  select 
'  an  apple-tree  (.M-  33) 
Kg.  33. 


side  oflhe  leaf  beini;  the  most  cl 
ous  where  there  is  the  greatest  number 
of  stomates.  and  the  reverse.  Thu.s, 
in  the  water  lily  (Nuphar)  (/^.  34), 
in  which  the  lower  side  of  the  leaf 
has  no  stomata,  the  compact  structure 
of  bladders  is  on  that  side,  and  the 
cavernous  parenchyma  is  on  the  upper, 
where  the  stomata  are  extremely  nu- 
merous. 

Fig.  34. 


consist!  of  a  mass  of  parenchyma, 
through  whicsh  pass  bundles  of  vessels 
and  wood  tul>es  in  the  form  of  veins; 
the  whole  of  which  is  enclosed  between 
two  extreniely  thin  plates  of  cuticle 
which  are  united  at  tbe  edp^  of  the 
leaf.  This  cuticle  consists  of  a  sinirle 
layer  of  minute  bladders  cuntaininj; 
air,  and  pierced  with  stomates  which 
are  f^nerally  much  more  numerous  on 
the  under  than  on  the  upper  side.  Be- 
ue«th  the  skin  of  the  upper  side  are 
about  three  lavers  of  cylindrical  blad- 
ders filled  with  green  pulp,  which  are 
packed  clowlv  together  perpendiatlar 
to  the  skin,  but  with  minute  cavities 
between  the  bladders,  and  more  oyen 
space*  caused  by  the  total  separation 
of  the  bladden  beneath  each  breath- 
ing pOR.    BeneatJl    tbe  skin  of  the 


In  succulent  plant  s.whoseleaves  have 
neither  upper  nor  under  surbce,  the 
parenchymals  of  caual  density  throuKb- 
out ;  in  leaves  which  are  constantly 
under  water,  as  in  many  floating  plants, 
the  skin  is  entirely  absent,  and  the 
cavities  of  air  are  distributed  equally 
through  the  whole  mass  of  the  paren- 
chyma ijig.  35) ;  and  in  thin  leaves, 
such  as  the  Iris,  the  two  sides  of  which 
are  exposed  alike  to  the  .iction  of  lieht, 
in  consequence  oi'their  edges  heine  ver- 
tical instead  of  horisontal;  the  paten- 
chyma  next  ttw  %Vm  \s  c»."»mwm»  «& 
both  ndeaicith  pciftadK^m^^a^^'*^' 
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while  the  aentrc  is  often  filled  with  without  air  cavitkt,  ud  nnt  oonnd 
oonput  parallel  blftdden.  The  fid-  by  akin ;  but  on  ita  upper  lurfue  (Hi, 
where  done  ttomitei  occur,  it  ii  ootci> 
ed  by  a.  ikin,  beneath  nhich  the  pucD- 
chyma  is  filled  with  green  pulp,  ud 


ft>.  33. 


tree  (J^-  36),  copied  rrom  Adolphe 
Bronijniart,  in  wliich  u  is  a  bundle  of 
vesrwla ,  b  b,  parallel  compact  bladderi 
of  the  centre;  e  c,  tht;  perpendicular 
bladders  of  parenchyma  filled  nith  ait  -^^. 
cavities ;  and  dd,  the  skin  of  the  two  ^^j 
Mirfaces,  illustrates  this. 


In  plants  with  a  hard  cuticle,  that  part 
is  often  formed  of  several  layers  of 
empty  blodden,  as  in  the  oleander ; 
and  in  mosses,  and  plants  which  have 
very  imperfect  leaves,  two  or  three 
layers  of  thin-sided  tladdera  often  con- 
stitute the  whole  mass,  without  dis- 
tinction of  skin  trom  parenchyma. 

In  marchanlia,  the  structure  is.  If 
possible,  still  more  rcmnrkable  than 
in  the  instances  already  cited.  This 
plant,  which,  in  the  hands  of  Mirbel, 
has  been  ihe  subject  of  the  most  pro 
found  and  complete  examination  that 
has  yet  been  instituted  in  vegetable 
physioloey,  ban  been  found  by  that 
skilful  observer  to  consist,  on  its  under 
side  (jfg.  37,  a),  of  a  thick  layer  of 
nearly  empty  bladders,  firmly  amnge& 


divided  into  a  multitude  af  lowtep- 
shaped  chambera  complcleljr  cut  off 
from  one  another,  but  giving  riw  to 
numHfOiis jointed  deep  green  piwetsn 
wliicb  siirin^  from  their  sides,  and  par- 
tially fill  the  cliambeni  (c). 

As  in  common  leaves,  these  chamben 
also  communicate  with  the  HtomatK 
which  in  marchantiu  may,  witliuut  n- 
asfgeration,  be  compareala  chimneyik 
through  which  ventilation  u  carried 
on  (d). 

What  has  hitherto  been  stated  re- 
fen  onl^  to  the  parencliymatoui  struc- 
ture ot  leaves-  The  venous  systeni 
which  pierces  them  in  every  dirwtion 
consists  of  vessels  surrounded  by  woody 
tubes,  which  stiffen  and  pititect  Iht 
former  (/^.  33  and  36,  a);  these  are 
largest  near  the  base  of  the  leaf,  and 
gradually  diminish  in  thickness  to- 
wards the  extremity  of  their  ramifies- 
tinns,  till  they  altofiether  lose  them- 
selves in  the  parenchyma.  To  the 
eye,  aided  by  the  most  powerhil  micro- 
scopes, the  veins  seem  to  be  altogethn 
sini;le  :  hut  it  is  well  known  that  when 
a  leaf  has  been  macerated  till  the  pa- 
renchyma is  (juite  decayed,  the  veioi 
will  separate  into  an  upper  and  a.  lowv 
stratum,  10  neatly  and  regularly,  thai 
\l'uuav)sav\i\b  Va  daubt  their  luviDg 
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ooiuisted  of  two  distinct 
^stenu,  the  one  placed  above  the 
other.  As  the  sap  is  propelled  from 
tht  wood  into  the  leaf  in  a  crude  state, 
and  returned  into  the  bark  in  an  ela- 
borated jtate,  and  as  the  veins  of  leaves 
aie  evidently  connected  with  both  the 
wood  and  the  hark,  it  is  supposed  that 
the  upper  of  the  two  layers  is  for  the 
OQwanl  ilow  of  the  crude  sap,  and  the 
lower  layer  for  the  backward  flow  of 
the  elaborated  sap;  but  there  is  no 
distinct  evidence  of  this  opinion  being 
well  founded. 

The  anatomical  structure  of  the  leaf 
appears  distinct l}r  connected  with  its 
:unctions  of  respiration  and  evapora- 
tion. That  side  of  the  leaf  which  is 
next  the  sun  beinsr  most  exposed  to 
heat,  the  cylindrical  bladders  that  form 
it  are  placed  with  their  narrow  ends 
next  the  cuticle,  by  which  means  they 
not  only  each  pi-escnt  the  smallest  eva- 
pOfating  surface,  but  are  so  circum- 
itanced  with  respect  to  each  other,  as 
to  be  able,  with  the  least  difficulty,  to 
absorb  fluid  from  each  other  as  tliuy 
empty.  The  bladders  next  tlic  lower 
surface  not  bein^  exposed  to  the  same 
kind  of  external  influence,  do  not  re- 
quire the  same  kind  of  internal  adjust- 
ment of  their  parts,  but  are  arrunged 
with  wide  intervals  between  them, 
which  communicate  with  the  chambers 
below  the  numerous  breathing  pores  of 
the  lower  surface.  Here,  men,  the 
1  unctions  of  respiration  are  best  per- 
furmed,  each  bladder,  on  the  one  hand, 
rxpoflies  the  greatest  possible  extent  of 
surface  to  the  action  of  the  oxygen  or 
carbonic  acid  that  may  be  received  by 
the  breathing  ]>ores.  and  has,  on  the 
other,  the  greatest  possible  power  of 
psriing,  firstly,  with  the  oxygen,  which 
nrbultii  iVom  the  decomposition  ol'  the 
carLonic  acid  in  thcst'  vegetable  sto- 
machs, and  secondly,  with  the  su])cr- 
fluous  water,  which  is  not  eva]X)rated 
by  the  upper  surface  through  the 
cuticle.  It  will  be  observed,  that  in 
the  water-lily  (/fe-.  34),  in  which  the 
most  eavemous  part  of  the  parenchyma 
is  next  the  upper  surface,  the  leaf 
floats  with  its  lower  face  upon  the 
water,  respiration  conse(|Ui'ntly  cannot 
take  place  at  the  under  surface,  and 
the  function  is  of  necessity  transferred 
to  the  upper,  where  the  stumata  all  are. 
From  these  statements  it  is  to  be  in- 
ferred that  leaves  are  a  sort  ol"  inicu- 
matic  apparatus,  o£  a  higbl} -curious 


and  elaborate  structure ;  and  that  the 
variations  which  occur  in  their  internal 
organization  are  beautiful  adaptations 
of  the  parenchyma  to  the  particular 
circumstances  under  which  ttie  leaves 
themselves  are  placed. 

Chapter  XIII. 
0/  Stipulett,  Tendrils,  and  Hooks. 

Thk  stipules  are,  in  many  respects, 
analogous  to  leaves ;  like  those  organs 
they  are  often  green,  lubed,  or  otherwise 
characterized ;  they  freauently  have 
buds  in  their  axils,  as  in  tne  peach  and 
the  willow ;  and  they  sometimes  are 
not  distinguishable  from  leaves  by  any- 
thing in  their  form,  colour,  or  consist- 
ence. Nevertheless  they  are,  in  most 
cases,  sufficiently  different  from  leaves, 
and  are  always  to  be  recognised  by 
their  position  at  the  base  of  a  leaf,  one 
on  each  side. 

In  their  most  complete  state  thev 
are  little  leafy  bodies,  as  in  the  vetch 
i/ig.  38,  a)  and  t  he  pea ;  they  are  laree, 
lubed,  green  organs  in  the  heart's-ease 
{Jig.  1,  (/);  in  the  tulip  tree  they  are 
flat,  oblong,  undivided  membranes 
{Jig,  3b,  b) ;  in  tlie  bird  cherry  they  are 


nothing  more  than  fine  trreen  bristles  ; 
and  in  other  plants,  as  buckthorn  for  in- 
stance, they  are  freipiently  reduced  to 
the  state  of  a  minute  withered  scale.  Hy 
hardening  and  beconiini:  conical,  they 
resemble  K|iiiu':s  in  some  mimosas  {r) ; 
and  ])y  losing  their  parenchyniu,  and 
len^lheniiiir  Iheir  mid-rib,  they  are 
tiansi'ormtd  into  lon^r.  soft,  thread-like 
processes,  which  will  twine  round 
nei&:hboui-inir  bodies,  anil  thus  support 
the  weak  and  slender  &tem  in  1: -■  i*ir, 
as  in  gourd-like  plants.  'i'l:c-y  are  titeii 
real  tendrils. 

By  adhesions  either  with  each  other, 
or  with  the  \eal\  \V\e^  sQ\v\\iX\tsv<is  «\\\i\ 
their  uppeaiauee 'u\  a  yvtxv'axV^VJVm  ^<^- 


jrree.  in  magnolia,  they  grow  to- 
gether by  their  upper  end,  anii  rolling 
round  the  young  budji,  form  %  loni; 
honi-lilie  afie&th,  which  effectually 
protects  them  till  the?  are  ready  to  un- 
told. The  pondwecd  (potamogeton) 
has  a  structure  analogous  to  the  last 
(fig.  39,  di.  In  dnchonaceouii  plants 
Ihey  adhere  sometimes  by  one  edge, 
Mmetimes  by  another ;  but  most  com- 
monlr  the  two  contiguous  stipules  of 
a  ))air  of  opposite  leaves  unite  by 
their  edges,  and  groi?  into  a.  scale 
placed  between  their  two  footstalks, 
wliich  is  called  an  interpetiolar  stipule 
(Jig.  39.  e).  In  polygonum  they  are 
tliin,  rolled  round  the  stem,  and  united 
to  each  other  by  both  edges,  so  as  to 
Tona  the  sheath  to  which  the  name 
of  ochrea  is  technically  given  (6).  In 
the  rose  they  grow  to  the  edge  of 
the  footstalk,  of  which  they  become  a 
Ihin,  leafy  margin.  And  finally,  in 
alternate -leaved  plants  they  are  some- 
times large  enough  to  surround  the 
*t«m  and  unite  where  th^  meet  on 
the  side  opposite  to  the  leaf,  which  is 
then  called  fynocAreafe  or  hypogiotti- 
deout,  u  in  many  ipemes  of  astra- 
galus (a). 

Pig.  39. 


Many  other  modificAtions  miirht  be 
pointed  out  i  those  now  i-zplained 
will  serve  to  show  that  the  stipules  are 
suchvariableorgana,  that  neither  form, 
texture,  size,  nor  colour  will  define 
them  ;  but  that  they  are  simply  clia- 
racteriied  by  being  placed  at  the  base 
a/thi  lea/tlalk. 

The  use  of  stipules  in  Iheir  most  com- 
plete state  is  supposed  to  be  to  protect 
the  young  leaves ;  such  at  least  seems 
to  be  the  case  in  species  whose  stipules 
are  very  highly  developed  :  in  the  fig 
and  magnolia,  for  example,  they  roll 
round  the  leaves  till  the  latter  are  large 
enough  to  burst  through  them,  and  are 
MbJe  to  be»r  wposiire  to  the  sirwittv- 


out  injury  and  in  the  tnlip-tne  (Li- 
riodendron  tulipifera)  they  act  like  tm 
dishes  which  fit  together  b^  their  edgn, 
and  enclose  the  young  leaves  in  tun 
concavity  (/Ig.  38,  6).  But  it  is  diffi- 
cult to  believe  that  protection  ia  tht 
only  office  these  organs  have  to  eao^ 
cise,  for  in  by  far  the  greater  nmibct 
of  cases  they  are  so  small  as  to  be 
unable  to  peribrm  any  such  purpoK. 
If  instances  of  thar  oeing  rudimen- 
tary bodies  were  rare,  insteai)  of  so 
very  common,  it  would  be  easier  to 
believe  that  the  business  of  atipuks 
is  really  that  which  ii    aasigned  to 

Tendril  is  a  name  given  to  any  part 
of  a  plant  which  ia  thread-like  and 
capable  of  twisting  round  neighbour- 
ing plants  ;  it  cannot,  therefore,  be  re- 
ferred to  any  particular  class  of  organs. 
In  the  vine  it  is  a  transformation  of 
flowering  branches ;  in  the  gourd  it  is 
an  altered  stipule  ;  in  the  pea  it  is  the 
extiemityof  the  petiole;  inploriosait 
is  the  point  of  the  leaf  (Jl/r.  40,  a), 
which  IS  nearly  the  same  thing;  in 
nepenthes  it  is  the  cviindrical  pul  of 
the  petiole ;  and  in  tne  singular  genut 
stronhiinthus  it  is  actually  the  points 
of  the  petals  which  have  become  ten- 
drils, and  twine  round  other  plants. 

Hooht,  which,  like  tendrils,  are  con- 
trivances by  which  weak  plants  cling 
to  tho!C  that  are  stronger,  are  also  meie 
adaptations  ofother  organs  to  that  pur- 
pose. The  hooks  of  uncaria  (J^.  40,  c) 
arc  abortive  branches,  leafiesa,  spiny, 
and  very  much  curved  ;  those  of  com- 
bretaceee  are  produced  by  the  hardeii- 
inj;  of  the  petiole  after  the  leaf  has 
withered ;  and  in  the  singular  genot 
antistrocladus  they  appear  to  be  also 
petioles,  but  of  leaves  which  never  de< 
velope  in  any  other  form  <eO. 


Fig.  40. 


CHAPnR  XIV. 
Of  Bract*. 
Au-thA  paiii  hitherto  treated  of  be- 
long to  wnat  are  called  &a  orgaiu  ^ 
mmBitioK  or  t/  vagatation.  Their 
ofles  ii  fo  strictly  coiuervatire,  that 
nottuiw  ha*  been  aaiiened  to  them 
befona  the  power  or  a^rlnng  crude 
Sooi  from  the  earth  bj  the  roota,  alter- 
iBfC  it  ft  little  ia  the  •tcm,  digeatinK 
_    .   —    ";  it  in  the  leave*,  and 


pound-flowered  plants,  appearin{f  u  if 
it  conatilnted  a  ealyx  common  to  manr 


Etot  thing  which  ia  deTeloped  eubte- 
qnenur  ta  the  leavei  belong*  to  the 
orgaiu  ^  rtproiuetion  or  i^fivetifi- 
(Ofuw ;  the  nle  office  of  which  i*  to 
eeeare  the  perpetuation  of  ipecies  by 
■eed,p— an  action  they  an  enabled  to 
perfbnn  bj  the  nutrient  pnpertiei  of 
the  atem  and  leavet. 

A  little  below  the  flower,  urterpoaed 
betwaen  it  aiid  the  leaf,  flom  the  axil 
of  whieh  it  arisen  are,  in  the  Heart'i- 
eaae,  one  or  two  little  aealei,  which  are 
endentlf  oigana  in  an  exeeedinelT  m- 
dimeirtarr  rate.  Botaniata  call  them 
fcweirOv-  41,  a),  and  rappoae  them, 
wben  anmoiently  lara^  to  oe  deitined 
tat  the  protection  of  nowera  before  they 
bbIiM  ;  but  they  an  frequently  in  an 
•Ktramely  imperltet  atate,  and  quite 
■iieh  a  purpoae. 


ever  doe*  not  diffiir  Ihna  the  involucre 
in  any  thing  more  than  ite  bracti  bein)t 
more  numeroiu,  more  closely  packed, 
and  parallel  with  each  other,  initead 
of  dtver^ng.  Periphoranlhium  and 
perietimum  are  namea  given  by  foragn 
Dotaniate  to  this  kind  of  involucre. 

Sometimea  bracts  not  only  collect  in 
a  whorl,  and  grow  perallel  with  each 
other,  asin  the  true  involucre,  but  they 
Bclually  grow  together  into  a  itdid  cup- 
"  .pedbody.tl   ■       ■  ■        ■ 


ing  diatinet :  such  is  the  cup,  or  eumde, 
of  the  acorn  (Jig.  41,  b).  The  real  na- 
ture of  this  pan  ia  iiot  very  obvious  in 


lainthaHeart'e-case^and.in:    .  _ 

pUata  M  we  are  moat  u  the  habit  of 
cmniidng,  are  seldom  eo  laise  as  ordir 
nary  riKdleavea,^  of  any  other  et^r 
than  men,  yet  thcjr  are  sometimes  of 
remflKable  dimennons,  and  coloured 
white,  or  purple,  or  crimson,  or  some 
other  ny  tint,  and  then  receive  the 
eapceiui>aineof<|N>Me(/^.41,d).  An 
*  inetsnce  ofthte  we  find  in  the  Cuekoo- 
llower  of  our  own  hedges  (Aram  ma- 
eulatum) ;  in  some  foreign  Arums  the 
apMthe  is  vary  much  leiver  than  in  our 
iodigenona  ^eeies;  but  it  is  in  Palms 
Umt  thla  p«rt  aoquires  ita  most  extiaor- 
dinwy  dlmenriona.  Theapetheof  Al- 
toaaim  aoiygdaUna,  a  South  AnKrioan 
epeeiai^  is  computed  to  oontain  up- 
wanb  of  800,0(ie  flowem ;  and  that  of 
Coiypha  Tatiera,  an  East  Indian  palm, 
H  men  ■§  much  as  twenty  feet  long. 

When  brast*  are  oollected  into  ft 
whoil,  sa  in  umbdliferoaa  plants  thn 
an  Mid  to  fam  an  •wmAiBre  <^.  4 1,  e], 
wluebfif  very  smalU  raeeivea  the  dimi- 
nutiM  MBe  of  imtitliKtI.  This  kind 
of  (Mgw  ii  my  nwukaUe  in  eon- 


our  wild  oaks,  but  it  may  be  distinctly 
observed  in  the  cupulea  of  the  mossy- 
cupped,  or  Turkey  oak  (Quercus  cenis), 
which  is  common  in  plantations.     If 


consist  of  Numerous  whorls  of  biacts 
loosely  cohering,  and  evidently  not  dis- 
tingiu>bat;de  from  common  bracts ;  as 
it  ^s  cdder  th^  grow  together  by 
their  lower  ends,  till  at  last  the  acom 
cup  ia  fhlly  formed.  In  Grasses  and 
Sedges  the  flowers  seem  to  be  com- 
posed of  nothing  but  bracts,  in  dlfi^ 
ent  states,  packed  closely  one  over  the 
other;  in  these  instances  we  must  aup- 
pose  they  perform  the  office  of  calyx, 
whatever  that  office  m^  be. 
Hg.  41. 


Bracti  b^ne  thns  variable  in  their 
appearance,  their  limitation  becomea 
pi^jMRtionably  difficult.  The  best  per- 
haps is  that  which  A(SiTvw'i,V«&\a>a* 
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tween  the  calyx  and  tbfi  leayes.  To  the  power  pf  lengtbemng  indefimiely 
this,  however,  the  impossibility  of  de-  or  not.  If  it  have  the  power  of  pow- 
termining,  in  some  cases,  where  the  ing  indefinitely,  inflorescence  is  sud  to 
cdyx  begins,  is  an  objection.  (See 
Chap.  XVI.)  Difficulties  of  this  kind 
•rise,  out  of  the  veiy  nature  of  things, 
and  are  consequently  not  to  be  over- 
come, as  will  be  hereafter  explained. 
(See  Chap.  XXV.) 

As  all  leaves  have  the  power  of 
forming  leaf-buds  in  their  axils,  so  have 
all  bracts  the  power  of  forming  flower- 
buds  in  their  axils ;  and  it  rarav  hap- 
pens that  flowers  occur  which  ao  not 
thus  originate.  Hence  it  is  a  general 
fule,  that  where  bracts  are  found, 
flowers  may  also  be  expected. 

Csaftbb]CV. 
Qf  the  InJhreteencB. 

Tbb  nianner  in  which  flowers  are  ar- 
ranged upon  a  stem,  or,  more  correctly, 
upon  that  part  which  bears  the  flowers 
^ithout  lengthening  into  a  leaf-bear- 
ing branch,  is  called  the  Inflorbs- 
CENCB.  A  variety  of  difliBrent  forms  is 
mentioned  by  botanists,  and  it  is  fbund 
necessaiy  to  distinguish  them  with  care 
for  systematic  purposes  ;  but  they  are, 
in  reality,  all  modifications  of  two  pri- 
mitive types,  which,  if  well  understood, 
will  readily  explain  the  origin  of  the 
others. 

In  order  to  make  this  inteUigible, 
we  must  consider  upon  what  principle 
branches  ramify.  When  an  embryo 
plant  shoots  up  its  first  stem,  it  is  ter- 
minated by  a  growing  point,  which 
keeps  leavmg  leaf-buds  behind  it  on 
the  surface  of  the  stem  as  it  lengthens. 
This  Rowing  point  finally  occupies  in 
the  wmter  the  centre  of  tnat  leaf-bud 
by  which  a  stem  is  terminated,  and 
again  lengthens  in  the  spring  when 
vegetation  is  renewed.  Let  us  call  the 
stem  of  the  first  year,  with  the  leaf-bud 
at  its  extremity,  the  primary  axis  (Jig. 
42,  A  B);  this  part  is  covered  with  other 
leaf-buds,  which,  when  they  lengthen, 
do  so  upon  exactly  the  same  plan  as  the 
first,  each  having  its  own  growing 
point,  atid  forming  a  secomlary  axis 
(C  D),  which  itself,  in  like  manner,  ge- 
nerates tertiary  aoces  (£  F),  and  so  on« 

Now,  the  inflorescence  of  a  plant 
obeys  the  same  laws  of  branching ;  only 
for  leaf-buds  we  have  flowers.  And 
the  two  primitive  types  to  which  all 
modifications  of  inflorescence  are  re- 
ducible, depend  upon  whether  the 
growing  pol&t  of  the  primary  axia  haa 


be  indeterminate ;  if  its  powers  of 
lengthening  are  unifiurmly  anasted  at 
an  early  periodt  infloreacen^  becosMi 
determinate;  these  being  the  origiBil 
causes  of  the  vaiious  Ibmia  of  brabcli- 
ing  we  meet  with  among  flowem, 

ji  U^IndetemUiuae  tiffloreeoemoe.  i 

The  characteristic  of  this  is,  that  the 
primary  axis  is  not  arrested  in  its 
growth  at  a  very  early  age,  but  its 
secondary,  tertiary,  or  other  axes  are; 
and  it  comprehends  some  of  the  most 
common  modifications.  Let  the  lines 
aa^b  iftg,  43),  represent  aueh  an  aiis. 
the  laterfu  buds  or  seoondaiy  axes  of 
which  are  fiowers.  As  those  buds 
which  are  nearest  a  a  were  the  flnt 
formed,  they  must  of  course  be  the 
oldest ;  they  will  therefore  be  the  fint 
to  open ;  and  consequently  the  flowen, 
when  they  expand,  will  do  so  first  at 
a  a,  and  last  at  6,  or  in  an  ascending 
order.  This  order  of  flowering  is  called 
centripetal^  because  a  a  is  considered 
to  represent  the  circumference  of  a 
cone  of  which  b  is  the  apex  or  centre. 
Now,  suppose  that  while  the  primaiy 
axis  a  a,  6,  is  indeterminate,  aU  the 
secondary  ones  o,  o,  o,  are  determinate, 
and  have  no  power  whatever  of  length- 
ening {fig,  43,  IX  an  inflorescence  will 
be  produced  analogous  to  that  of  the 
Rib-grass  (Plantago)  :  this  is  called  a 
spike  ;  or  if  it  only  bears  bari^n  flowers, 
and  drops  off  after  shedding  the  pollen, 
as  in  the  Hazel,  an  amfintum  or  catkin ; 
or  if  it  is  covered  very  densely  by 
floieca»and  is  enclosed  witUn  %  qpaihe, 
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-H  In  Anna,  it  reeeim  the  nama  of  nt.te  infloTMeeneu,   if  ooOBisting  of 

■apadix.  mora  than  one  fiower,  ire  broad  initead 

But  if  the  HOoniUiT  azei  o,  o,  a,  ofbeioff  long.    A  solitary  flower,  luoh 

hftTe  the  powerof  tengtneningequally,  ai  that  of  the  itemlew  Oentian,  ii 

vithont    however    produoing  teitiuy  taken  u  a  t3rpe  of  this.    It  ooniittii  of 

axei,  a  raeem«  iftg.  43,  S)  ii  tha  rHulf,  a  primary  axii  tanninatiiig  in  a  single 

as  in  the  Current.  flower.     An  idea  of  it  may  be  ob- 

And  if  tha  lecondaiy  axei  develop  talsedfKm^.  44,  l.inwhiohtbelines 

tertiary  axet  i^g-  43,  3),  a pamele  will  oab  npreient the  primary  axii, bearing 

bo  formed,  at  m  Poa  annna>  whiob  will  bracts  from  which  secondary  asai  do 

be  more  or  leM  eompoimd  according  not  arise, 

to  the  numtwr  of  degrees  of  its  ramifl-  Now,  let  seoondaiy  axes  arise  from 

cation.    When  the  upper  and  lower  this,  of  which  the  uiwert  are  longer 

bnuwhes  an  shorter  tnan  thoea  in  the  than  the  iqipennost,  and  eacb  long 

middle  of  a  paaide,  as  In  thelilae.  we  anough  to  be  derated  as  high  aa  the 


have  a  thyrm. 


Eg.  A3. 


cential  flower,  and  we  have  «  oorvmb 
(A-.  44.9).     ■ 

Suppose  the  primary  axis  to  be  ex- 
ceedingly shoit,  and  the  buds  of  second- 
ary axes  to  bevlaselT  crowded  upon  it ; 
if,  in  iuch  a  case,  tna  secondai^  axes 
do  not  lengthen,  but  merely  unfold 
their  flower,  as  vaftg.  44,  3,  a  head  or 
ewitulum,  like  that  of  the  Dandelion, 
n  (he  coMeqamce,  in  which  the  axis 
Is  dtotended  laterally,  in  order  to  make 
room  fbr  the  flowen. 

But  if,  while  the  primaiy  axis  Is 

reiT  short,  the  seoondaiy  axes  lengthen 

partially  so  as  to  flmn  stalk*  to  the 

Bowers,  as  at  Jtg.  44, 4,  an  umhel  will 

be  formed,  whidi  umbel  will  become 

compound,  if  the  secondary  axes  de* 

vdm  upon  the  same  e^  aa  the  primaiy 

Ofc44,5). 

Hence  it  ia  evident  that  the  head  is 

FoTmnefetableto  this  type  are  dis-    a  spike  vrlth  a  short   primary  axis, 

tlngnlahed  by  the  priman  axis  being   the  umbel  a  taeema,  and  a  eorapound 

wnstad  in  its  growth,  benie  the  pnr-   umbel  a  paniole  in  tJie  same  condition. 

reataa«Rd;theAll  these  fiirms  fiilli 

b  is,  that  dstennl-    order  tf  flowering. 


(  %,—Dtttrwutata  Jt^hrueenea. 


But  there   are   other'  deteinnnate    Ir^iral  ortei  \»ltw  ■^«a\  'CKA''aVn 
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at  ■  IcMi  to  know  where  the  outer  endt 
loweimoct,  or  mu^  extenuJ,  lut  In  «nd  the  inner  begini.  This  hspMni 
thete  cues  the  theoiy  it,  thit  it  ii  not  in  the  Cmralina  illipioe  fCeljrcMiurai}. 
till  kfter  the  centnl  flower  i*  fimned  the  white  WBter-lifr  (NymphBA),  and 
that  the  lateral  one*  bef^n  to  derelop,  variout  other  plant*.  To  daaignate 
and  that  conaeqaentlr  the  central  luch  cases,  the  word  p«nmM,  or  jwrt- 
flower,  in  nich  initancei,  it  really  the  gone,  has  been  contrived ;  wnd  in  de- 
oldeet.  A  bit  of  the  Launutinui  (Vi-  scriptive  botany  is  emiwfed  to  es- 
bumumtiniUij^.  49)  ihowa  this  very  press  floral  envelopes  consiating  o( 
well.  several  whorls  of  parts  paariag  gra- 

f(~  4j  dually  into  each  other.     This  aeenu 

^'  to  show  that  whatever  the  ealn  and 

corolla  may  be,  they  an  cxtnaiclr 
similar,  or,  indeed,  identical  in  nature. 
In  some  cases  the  parts  of  which 
they  are  composed  are  rreen  like  Iflftvo, 
particularly  m  the  cuys ;  but  most 
frequently  they  are  thinner,  more  deh- 
cate,  and  of  a  colour  not  gnen.  They 
are  usually  destitute  of  the  hard  fibrous 
texture  of  leaves,  for  which  indeed  they 
have  no  occasion,  their  existence  being 
usually  very  tr«nsitoiy ;  thc7UC,boiw- 

If  this  «,rt  of  ccntrifhgd  devdop-  n:r;i^"=!i^h'iv«t;s^hr'^»'3 

ment  resembles  a  panicle,  or  rather  £    ^Tv,^  ifi^ii  l«TS,^J^il^ 

r'e;Ld"'"^"""''""™'""^  iS^jhKthnirrr'yhe'Tijrs 

•^wSlvhaTTould  otherwise  be  a   Sta^'^CW^JS: 

^J/'iJ.  ™      S^~t,  „f  th.    remarkable,  are  caused  by  minutedfop 
And  If  a  t™ose  arrangement  of  the      ^     ]„,^  ^^^  ,  ;„    f„  ,i,eir  eSS. 

E™.h«r  „  T^S^'i'^in™  -^  Such  drops  are  the.4fo^  separated  ftcm 
hlt^  *wJ?J-  Sweetwdhsm.  we  ^^  ^^^^  ^  ^j^^^^  air-cavities  cr 
have  the/a«.riB.  p,^,^^  ^^^  ^^^,  j^  I,robably  the  cause 

r'...»»>»  wr  of  'he  beautiful  satiny  lustre  we  fled 

Chaptbr  XVI.  ^^^  ^^^^^  ^j^    ^j^_^ 

qftht  Flond  btwehpe:  The  manner  in  which  the  {deees  of 

A  pxKFscT  flower  consists  of   three  the  floral  envelope*  ere  respectively 

principal  parts ;  namely,  the ,^ara^  en-  arranged  in  the  flower-buda  is  called 

veiopeg,  the/rucli/yi^  tytfent,  and  the  their  aitivatioH,  and  has  received  cer- 

/erltlixing  tyilem.    Of  these  the  two  tain  distinctive  names,  of  which  the 

last  are  always  present,  either  both  to-  following  are  the  most  remark^le. 

sether  or  in  separate    flowers  ;    the  Valvals,  when  the  pieces  fit  exactly 

first  may  be  either  present  or  absent,  to  each  other  by  th»r  edges,  as  in  the 

not  being  essential  to  a  flower.  calvx  of  the  Mallow  (Jig.  46,  a). 

The  flon^  envelopes  frenerally  con-  Imbneated,    when    the    pieces    are 

sist  of  two  different  parts,  the  calyx  placed  in  part  externally,  and  in  part 

and  the  corolla:  wherever  these  can  be  internally,  so  that  the  latter&re  covered 

distinguished,  they  are  spoken  of  sepa-  over  by  the  former,  as  in  the  calyx  of 

rately ;  and  it  is  probable  that  their  Hypericum  (fig.  46,  c). 

respective  office  is,  in  that  case,  difKir-  Timiled  or    contorted,  when    each 

cnt  also.     But  it  frequently  happens  pert  is  turned  slightly  on  it*  own  axis, 

not  only  that  these  organs  run  so  much  so  that  by  one  of  its  edges  it  cavers  it* 

into  bracts  as  not  to  be  readily  distin-  noKhbour,  while  it  is,  in  like  manner, 

guishable  from  those  parts,  but  that  itself  covered  liy  the  piece  which  is 

they  pass  so  graduollv  into  each  other,  nest  it,  as  in  the  corolla  of  a.  Mallow 

that  although  from  the  appearance  of  (fig.  46,  6). 

the  external  of  the  floral  envelopes  we  If  the  pieces  of  the  floral  envelopes 

may  consider  these  calyx,  and  from  are  all  distinct,  this  fact  is  expressed 

that  of  the  internal  ones  we  can  sup-  by  prefixing  the  word  poig  (many)  to 

poae  those  to  be  corolla,  yet  we  ue  quite  Vne  ^axt  ii\nBb  ii  v^lun  o^  «■  po(f- 
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lbic#,if  the  calyx  consists  of  Keveral 
•  or  tepaU ;  and  pofypetaiaus,  if 
sorolla  consists  of  several  peiaU, 

Fig.  46. 


if  the  pieces  grow  tog;ether  by 
edges  and  form  a  tube  or  cup,  we 
mjmonoiepeUoui  or  monopetaious, 
ie.  Oils  Mtpaled  or  one^taied ;  by 
li  is  to  be  understood  tnat  they  are 
tMm  into  one,  and  not  that  such  a 
or  eup  is  only  one  piece  notched 
I  edge.  The  Greek  privative  a  is 
employed  to  designate  their  ab- 
,  as  (uepahw,  or  apetaiout. 
oetimes  the  upi)er  part  of  the 
envelopes  grows  into  a  solid  lid, 
leparates  from  the  lower,  falling 
ke  a  cap ;  this  hi^ypens  to  the 
of  Eucalyptus  (Jig.  47,  a),  and^to 
3rolla  of  Endesmia  (Jig.  47,  b). 

Fig.  47. 


sepals  and  petals  grow  together  into  a 
tube,  that  such  a  circumstance  does  not 
prevent  our  perceiving  the  presence  of 
two  whorls,  as  in  the  Crocus,  in  which 
acareftil  examination  will  show  that 
there  are  really  two  whorls,  each  con- 
sisting of  three  pieces,  one  on  the  out- 
side of  the  other,  and  consequently  that 
both  calyx  and  corolla  are  present. 

The  calyx  frequently  drops  off  when 
the  flowenng  is  over,  but  sometimes  it 
continues  to  grow  ibr  a  lonff  time  after- 
wards. ThusintheGaultheriaandthe 
Strawberry-blite,  it  becomes  red  and 
succulent ;  in  Christ's  thorn  (Paliurus 
australis),  it  expands  into  a  broad  thin 
woody  rim;  and  in  the  black  vambh 
tree  of  Burma  (MeUnorhsea  usitatis- 
sima),  it  grows  from  little  green  scales 
into  as  many  large,  leafy,  veiny,  red 
parts,  looking  like  a  corolla  surround* 
mff  the  fruit. 

I^ot  only  do  the  sepals  grow  together 
and  form  a  tube  or  cup,  but  they  some- 
times grow  to  the  outside  of  the  ovaiy, 
so  as  to  become  quite  incorporated 
with  it,  as  in  the  Apple.  When  this 
happens,  the  calyx  is  called  mperiar 
(Jig.  48,  a  by,  for  it  kx>ks  as  if  it  actu* 
ally  grew  upon  the  ovaiv;  while,  on 
the  other  hand,  it  is  csJled  i^/erior 
(Jig,  48,  ede)in  its  ordinary  position,  as 
in  the  Cherry.  The  French,  with  more 
reason,  say  it  iajiw  in  the  latter  case, 
and  adherent  in  the  former;  but  the 
first-mentioned  terms,  although  not  to 
be  defended,  are  in  moat  ooounon  use* 

Fig.  48. 


fy:r.— When  the  calyx  is  dbtin- 
able  fitnn  the  corolla,  it  is  com- 
r  known  by  being  smaller,  greener, 
KRe  leaf-hke,  or  more  permanent, 
toch  characters  will  not  always 
tte  it,  for  we  find  it  more  riduy 
red  and  larger  than  the  corolla  in 
Qchsia,  and  more  deciduous  in  the 
r.  In  iket,  there  seem  no  means 
uiing  the  calyx  better,  than  as 
lost  exterior  whorl  of  the  floral 
opes;  and  consequently  the  name 
ipplied,  whatever  the  colour,  sixe, 
her  characters  of  the  exterior 
.  may  be ;  and  hence  if  there  is 
me  whori,  that  one  is  calyx.  Care, 
fu^  must  be  tMken,  when  the 


Corotfo.— This  pait»  which,  it  will  be 
seen  from  what  has  lately  been  said,  is 
only  to  be  known  with  certainty  from 
the  calyx  by  its  being  placed  between 
that  piurt  and  the  stunens,  is  often, 
nevertheless,  the  most  conspicuous  part 
of  the  plant,  because  the  gay  colours 
Mid  the  fragrant  odours  of  flowers  ate 
generally  ren^deciX  m  Vl. 

Thft  piM»,  OK  petaU%  ^l  iCt^f^  ^^» 
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eorolla  ootitiits,  are  loiiietimet  bo  much 
narrowed  towurds  the  base  ai  to  be 
separable  into  two  parts,  Just  as  a  leaf 
may  be  separated  into  stalk  and  blade ; 
in  that  case  the  stalk  part  of  the  petal 
is  called  the  unguit  or  elmo,  and  the 
blade  has  the  name  of  Umb,  It  is 
probably  by  petals  of  this  sort  that 
monopetalous  corollas  with  long  tubes 
are  formed,  the  border  consisting  of 
the  limbs,  the  petals  and  the  tube  of 
their  claws  in  a  state  of  adhesion.  The 
orifioe  of  such  a  tube  is  called  the 
throatgOr  faux.  The  petals  alternate 
regularly  with  the  sepals,  and  are 
usually  either  equal  to  them  in  num« 
ber,  or  twice  as  numerous;  but  in  con- 
sequence of  the  irregular  way  in  which 
the  petals  and  sepals  respectively  eo* 
here,  this  cannot  always  be  rery  well 
made  out.  For  instance,  in  the  gaiden 
Sage,  the  calyx  has  apparently  two  lips 
or  parts,  while  the  corolla  has  firar; 
but  if  the  former  be  attentively  ex- 
amined, its  upper  lip  will  be  found  to 
eonsist  of  three,  and  its  lower  of  two 
sepals ;  while  in  the  corolla  the  upper 
lip  consists  of  two  petals,  and  the  lower 
of  three,  adhering  unequaUy  and  irrc" 
gularly«  Hence  the  calyx  and  the 
corolla  of  that  plant  really  consist  each 
of  five  pieces. 

The  pieces  of  a  corolla  are  not  un- 
ireauently  extremely  unequal  in  size, 
and  irregular  in  form  and  direction. 
It  i«,  however,  only  in  a  papilionaceotM 
corolla  that  special  names  are  given  to 
the  parts.  A  corolla  of  this  descrip- 
tion is  found  in  the  Pea,  and  consists 
of,  1st,  a  broad  roundish  petal,  which 
stands  erect  from  the  others  (the  vex- 
ilium  or  standard)  {fig,  49,  o) ;  2nd,  of 

Fig.  49. 


Qfth$  Stamens,  or 
System. 

Thb  fertilising  system,  called  by  naay 
modem  writets  the  andreeeeum^  eon* 
sists  of  the  organs  which  are  arrangwl 
between  the  floral  envelope*  and  the 
pistil,  or  fhicti^ng  system*     Siidi 
organs  are  technically  named  #la«Miir» 
and  usually  consist  of  two  peHs,  vis., 
a  slender  white  stalk  or  fUameni^  and 
a  yellow  or  brown  head  or  anther.    Of 
these  the  essential  part  is  the  anther, 
the  filament  being  of  no  more  import- 
two  oblong,  parallel,  slightly  convex    ance  to  the  latter  than  the  foot-stalk 
patah  (the  alee  or  tvings)  (0),  which    to  the  leaf. 
conceal,  3rd,  the  keei  or  carina  (c),       Aiiaftt;>ii^\A^dA«.QCthanoniialetal« 


which  consists  of  two  petale  ttiekiBg 
together  by  their  front  edgee. 

Sometimes  petals  have  membranous 
scales  growing  from  their 'upper  sur^ 
face,  as  in  the.Catchfly  (Silene) ;  thejr 
are  in  that  case  said  to  be  craimed  or 
coronate,  and  their  appeadage  is  named 
the  corona.  Parts  of  this  natoie  are 
not  to  be  confounded  with  abortions  of 
the  stamens,  which  are  extreanely  com- 
mon, and  veiY  like  thenit  Infc  of  an 
essentially  diflerent  natmw.  Abdfetive 
stamens  are  processes  of  a  diatjne^y 
fleshy  natiire,  and  usually  ttatmiod  1^ 
at  least  one  minute  jpaieel.  of  Teaasll; 
mere  lurocesses  of  the  ooiblla»  «a  the 
contrary,  are  nothing  but  membranous 
opansions  of  cutic&,  without  any  dis^ 
tinct  trace  of  vessels. 

The  office  of  the  floral  envelopee  is 
in  part  to  act  as  a  nroteetioii  to  the 
fertilising  and  fructinring  oiKaas  whia 
they  are  young,  and  to  guaid  tiiaai 
from  sudden  variations  in  tempentoNy 
by  the  thin  layers  of  air  whieb  th^ 
cause  to  be  interposed  betweea  tlaiia 
parts  and  the  atmospluHre)  but  it  as 
also  probable,  that  when  gieei^  tiM 
act  like  leaves  as  elaboratofi  of  ftm 
upon  which  the  organs  of  repvoduetioa 
may  be  nourished,  and  tnat  when 
coloured  the  corresponding  change  in 
their  chemical  operation  still  further 
contributes  in  a  special  manner  to  the 
same  end  by  the  conversion  of  crude 
fsecula  secreted  at  their  bases  into  siu;ar, 
the  superfluous  parts  of  which  flow 
off  in  the  form  of  the  honey,  svrhidi 
many  flowers  are  so  well  known  td^  yield 
in  considerable  abundance.  Ibr  the 
detailed  evidence  upon  wkdeh  this  is 
supposed  to  be  proved,  the  reader  is 
referred  to  Physiology* 

Chapter  XVII. 


Fig.iO. 
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'tha  fllunent  and  anther  may  be  noit  remarkable' manner  at  theb&se, 
ken  from  the  Lily.  In  that  plant  the  ithere  it  causes  the  filament  to  assume 
Mnent  i*  a  long,  fleaby,  awl-shaped,  the  appearance  of  a  fleshv  scale  (6>, 
■eeaith-whitfl  twdy  (/«■  '0,  a),  the  ea  in  Zygophyllum  and  Campanula. 
In  a  itate  of  contraction  it  becomes  a 
mere  thread,  aa  in  Graaaes;  and  even 
dlaappean  altogether  aa  in  a  great  va- 
riety ofplants.  It  is  generally  amooth, 
bnt  in  the  common  Spiderwort  (Trade- 
■cantia)  it  is  corered  all  over  in  the 
middle  frith  long,  necklace -shaped 
hab«,  arranged  in  a  dense  tnft ;  in  fhii 
•tale  it  la  called  ((uf)OM(/j'.  S\,de). 
Fig.  51. 


irihee  oTwhfeh  ia  Aimiahed  with  tto- 
latei,  and  the  centre  with  a  bnndle  of 
aaela.  On  itt  pcnnt  ia  placed  the 
nther  (ft  b  d),  which  is  a  narrow,  red- 
irii-brown  body,  having  a  deep  Airrow 
usinit  down  at  hmger  diameter,  and 
sing  Ihns  separated  into  two  parallel 
ibes.  The  part  that  unites  the  lobes 
a  eontinaatlon  of  the  filament,  and 
called  the  eormeelft>e.  Each  lotw, 
ifbre  it  opens,  is  marked  in  front  by  a 
i^ow  fUrroW  which  passes  tram  end 

I  end  of  the  lobe,  dividing  it  into  two 
nnewhat  eqnal  parts  (e).  In  course 
r  time  the  aides  of  the  lobe  contract 
nd  seoarate  at  the  last-mentioned  (Ur- 
nr,  wnieh  consequently  opens  (6),  and 
Hows  a  biDwnish-OTanEe  powder, 
amed  poUen,  to  (Ul  out :  the  two  sides 
r  the"  lobe  when  they  thus  separate 
re  called  foffe*,  and  the  furrow  itself 
ie  lulurt  or  line  '^  dthiteeneg.  The 
nther  of  a  Lilr,  therefore,  consists  of 
•o  parallel  lobes,  united  bya  connec- 
re,  each  fiirmed  of  two  valves  open- ' 
■g  by  a  longitudinal  suture  and  dia- 
harginc  p^len.  This  may  be  con- 
idered  ty^dcal  of  all  filaments  and  of 

II  anthers.  Both  these  parts  are, 
owever,  nilriect  to  numerous  import- 
ol  modiflcKUoas. 

The  filament  owes  the  chief  diflk^ 
ooee  in  its  appearance  to  fatlming, 
ittenium,  or  eonlraeHon.  When  ex- 
eedlnf^  flattened  it  becomes  so  tike 
petal  that  H  can  only  be  distinguish- 
i  tma  that  part  bv  its  bearing  -- 
nther  IJIg.  SI,  a  eh);  this  hap 
"  a  Indian  s"   '  "~ 


n  tbeli 

Nym] 


happens 

dene*  in  ttie  white  Water-lily 
npMBa;.    Distensioii  sots  Jn  the 


n  shot  (Canna), 


The  anther  is  much  more  variable 
in  its  appearance  than  the  filament, 
and  from  causes  of  a  difierent  nature. 
In  cases  where  the  lobes  unite  so  as  to 
be  undistinguUtiable,  the  anther  may 
become  absolutely  one-celled  (^.  S2, 
a),  aa  in  Epacrls,  or  it  may  be  two- 
celled,  without  any  external  indication 
of  that  fact,  as  in  Arum  and  all  its 
allies  i  or  finally,  the  sutures  may  grovr 
by  their  edges  to  the  inside  back  of 
the  cells,  and  so  convert  a  two-celled 
anther  into  one  with  four  cells,  aa  in 
the  Ash.  But  if  one  of  the  lobes  nf 
the  anther  ia  undeveloped,  or  abortive, 
it  may  become  one-celled  from  that 
cause  alone,  as  in  the  Indian  shot 
(Jig.  51,  ay. 

:  On  the  other  hand,  a  distension  of 
the  connective  will  produce  very  sin- 
tfnlar  anomalies.  Suppose  that  part 
to  qmad  right  and  left  without  lenglh- 
ening.  as  in  the  Monarda,  the  lobes 
will  be  at  right  angles  with  each  other, 
instead  of  being  parallel;  and  if  they 
should  grow  together  at  their  points 
Off.  52,  n),  the  anther  itself  wQl  be- 
came one-celled  from  this  cause,  ia 
addition  to  tbowSieiote  n\e.nVwa«A„«& 
actuftl\y  \Appeiam\\i«'NLt^>3w.   \aV 


the  eonnective  ^row  much  bevond  the 
lobe*  without  widening,  «nd  the  hon» 
of  the  anther  of  Mine  Orchideoui 
T^aoti,  the  membnnou*  creet  of  the 
Violet,  or  the  fleihy  crest  of  the  Ginger 
tribe  (fig.  51,  A)  (Scitunine»>,  wiU  be 
the  tesult.  A  thiid  modiflcfttion  of  the 
^peanutce  of  thia  organ  may  arise 
from  the  connective  growing  much 
more  on  one  side  than  the  other,  hav- 
ing no  anther  on  the  tide  of  excenive 
growth,  and  also  talcing  on  that  side  a 
direction  different  from  what  ii  habitual 
to  it  in  other  planti.  llus  ia  partieu- 
lariy  remarkaDle  in  the  Sage  genui, 
the  anthers  of  wbtcb  ate  one-celled, 
and  look  aa  if  they  rode  upon  a  two- 
legsed  body  (the  connective),  which  is 
itself  astride  of  a  dender  flesbj  process 
(the  fllainent).    See/^.  33,/ 

Pig.  S3. 


Occaaonally  the  lobes  of  the  anther, 
instead  of  being  parallel  with  one  ano- 
ther, and  at  the  same  time  straight, 
retain  their  paralleliam,  but  fold  and 
double  up  upon  themselves ;  and  this 
produces  the  sinuous  appearance  in  the 
anthers  of  a  Gourd  (fg.  s2,  r).  Or, 
flnally.they  may  give  birth  to  processes 
of  different  shapes,  which  give  them  a 
horned  or  spurred,  or  crested  apjear- 


aoce,  as  in  many  planta  of  the  H«lk 
tribe  (a  i^. 

The  manner  in  which  tha  utt« 
bursts,  so  as  to  allow  tha  pdlra  Is 
escape,  is  usually  tn  as  opemng  all 
along  each  suttue,  or  fine  of  deUaaaiee; 
but  if  that  line  will  only  opMt  at  Me 
pointO^g.  9S,dpmD,uiDtlMPatati^ 
the  appearance  of  a  pore  t>  tha  molt ; 
and  such  anthers  are  tennod  pnma 
But  in  the  Barbenv,  mnd  tlis  Smat 
hay  tree  (Luirus  noUUa).  tb*  « 
id  to  o^n  by  i  '~ — ' 


off  from  the  lobes  ewept  at  tba  apo, 
where  it  continues  to  adhen  tna^, 
and  there  contracting,  it  curia  np^  anl 
allovra  the  pollen  to  drop  ont.  In  socli 
plants  the  anther,  in  ita  yonnir  Mats,  ii 
exactly  like  one  which  ftaally  opi 
longitudinally  J  but  it  would  aaaa  that 
erentualty  it  is  unable  to  anatths 
pollen  by  the  usual  sutnta,  whidi  will 
not  give  way  to  the  fixce  exMtad  by 
the  pollen  grains  from  within.  It  i^ 
however, inoispensablethftt  ■™"*'™f 
should  give  way,  and,  i  iiiieiii|i>alli, 
the  lice  of  the  anther  aapatatai  m 
round,  and  having  sepaiated,  eialB  n 
in  eonseqnence  of  the  conttMtua  of 
alliUmHs. 

tn  HQstletoe,  the  mode  in  vrtiieh  the 
anther  opens  it  altogether  aaomaloDa: 
bursting  when  ripe  by  a  numhai  of 
holes  which  are  scattered  orer  ita  whole 
surface  (^.  S2,  t). 

In  their  number  the  stamens  faUow 
no  constant  rule ;  for  although  it  is 
certain,  as  will  be  hereafter  proved, that 
their  most  norma]  number  is.  in  all 
cases,  the  same  as  that  of  the  seg- 
ments of  the  calyx  or  of  the  ooiolli, 
yet,  what  with  multiplication,  abortioti, 
and  trans tbrmation,  they  are  Tcsy  often 
extremely  different  from  the  quantity 
of  the  floral  envelopea.  The  only  tula 
that  can  be  said  to  be  fixed  concerning 
them  ia,that  if  they  are  fewer  than  the 
segments  of  the  calyx  or  coroUa  taken 
separately,  the  difference  is  owing  to  a 
part  of  tnem  being  aix>rtive  or  trans- 
formed ;  and  if  there  is  more  than  tha 
segmeati,  they  are  always  in  that  case 
some  multiple  of  the  number  of  the 
latter,  unless  in  consequence  again  of 
transformation  or  multiplication.  For 
illustration  of  this  position  tha  reader 
is  referred  to  Chapter  XXV. 

The  stamens  sometimes  grow  to  one 
another,  or  to  neighbouring  parts,  by 
both  which  Qircunulances  thoif  tfue 
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chftntrier  Ls  more  or  lew  masked.    In  nujority  of  Umbelliferoiit  plants  (Jig. 

the  Mallow,  the  filaments  of  a  great  54, 0.  and  othen  polyhedral,  as  in  some 

many  stamenj  ktow  together  into  a  Compoundflowen.  TheKrainsor pollen 

tube,  and  9.xe  ctiieAmonadtlphotu ;  in  aiamoat  commonly  aingle, but  in  manr 

the  Pea,  they  groir  into  two  unequal  Acaciaa  thej  are   cluatered  in  little 

parcel!,  and  are  dtadelphoiu ;  in  the  round  bolli  (m),  and  in  Orchideoua 

Tutsan  (Hypericum],  they  £;row  into  plants  in  threes  or  fours;  their  aur&ce 

(everel  parcels,  and  are  called  poly-  is  for  the  most  part  smooth,  but  manT 

adelphoM.      In    common    Groundsel  are  hairy  or  bnstly,  or  covered  with 

[Senecio  vulgaris).  Lobelia,  and  many  little  tubercles  ■ymmetrieelly  arranged, 

others,  the  anthers  unite  to  each  other  Occasionally  there  are  circular  spaces 

b^  their  edges,  and  are  called  (yn^me-  upon  the  surface  which  open  like  httle 

nou*.  AndinBirthwort(Aristolochia),  lids  when  the  contents  of  the  pollen- 

tndtheOrchis  tribe, anthers, filaments,  grain  are  discharged,  as  in  thePassion- 

■tylea,  and  stigmas  become  all  consoli-  flower  (A). 


Fig.  S4. 


dated  and  confounded 

body,  named  the  oulumn ;  plants  with 

this  remarkable  structure  are  said  to         / 

In  addition  to  adhesions  of  thU  sort,       (}  O^^O  O    ^^ 

there  is  another  class,  of  which  great  ^E^     gl     ■■  /*«.      ,* 

e  is  made  in  systematic  botany.    In  ^?^  %.M  /^     V^       V 


the  normal  state  of  a  flower,  the  sta- 
mens arise  from  the  angle  fbnned  be- 
tween the  base  of  the  catys  or  corolla, 
and  the  ovarr  (fig.  S3,  a),  and  are  then  In  some  spedes,  such  as  many  of 
i&id  to  be  kifpogynout;  but  in  the  the  Orchis  trine,  and  all  Asclepiadeous 
Plum,  the  stamens  grow  by  their  lower  plants,  the  pollen  falls  in  mass  from 
sod  to  the  sideof  the  tube  of  thecal^,  out  of  the  anther,  the  grain*  adhering 
mly  separating  from  it  at  the  line  to  one  another  in  dififerent  ways.  In 
where  ttie  petals  arise ;  they  are  then  the  Orchis,  thejr  are  collected  into 
called  pangynout  ih)  i  and  in  the  wedges,  which  slick  toacentral  elastic 
Uvrtle  they  not  only  grow  thus  to  the  thread ;  in  Neottia  they  are  joined  im- 
ii<M<^thetubeorthecalyx,butalsoto  perfectly  in  threes  and  fburs,  and 
.hefaeeoftheovaiT,and jointhosetwD  united  oy  an  elastic  web;  and  in 
parts  into  one  body:  from  this  cause  Halaxis  they  form  a  solid,  homogene- 
ihey  look  as  if  they  grew  upon  the  top  ous  substance,  of  a  waxy  texture.  In 
it  the  ovary,  and  are  said  to  be  tpigy-  Asclepiadeous  plants  they  are  collected 
toua  (c).  within  ft  bag  which  appears  to  be  the 

K-  13  lining  of  the  anther  separated  from  the 

*•  Yalvei. 

The  shell  of  the  pollen-grain  seema 
am  the  best  modern  authorities  to 
consist  of  two  layers,  the  external  thick, 
fleshy,  and  cellular,  the  internal  very 
"'  membranous,  and  extensible.  Of 
the  external  has  often  apertures 
angles  through  which  tiie  inner 
membrane  projects  in  a  slight  degree, 
tvuen. — ine  poiien  (yic'.  04;,  wnicn  from  which  cause  the  angle*  appear 
to  the  naked  eye  looks  hke  very  fine  ae mi-transparent  when  the  pollen  is 
lust,  is  the  most  curious  and  most  magnified  end  viewed  in  water  by 
varied  part  of  veeetation.  It  consists  transmitted  light.  In  those  cases  in 
>faprt)digious  multitude  of  little  grains,  which  onlyonemembrsneis  present,  it 
whose  figure  is  [^nerallyunirormin  the  is  said  that  it  is  the  interior,  and  that  in 
same  species,  but  which  have  some  such  instances  no  trace  of  aperture  is 
hundred  modifications  of  form  in  dif-    visible. 

fcrvnt  species,  and  which  vary  in  site  The  strueture  of  the  pollen,  in  con- 
from  the  ,>*th  to  the  li^th  of  a  line  in  sequence  of  the  excessive  minuteness 
diameter.  Most  of  their  forms  are  re-  of  the  parts,  is  not  to  be  seen  without 
ducible  to  the  spheroidal  and  the  tri-  much  difficulty  ;  but  Dc.  Tniw.^iv'i,  *. 
angular,  but  some  are  oval,  as  in  (he    youni;  ^nuwa  \M\«.\n&\.,  \»&  ^a^.^i 
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shown  thai  it  may  be  obtenred  with  destined  to  act  as  a  feitilising  power, 

greater  fiicility  than  was  betbre  sup-  because  grains  appaiently  of  tlw  like 

posed  by  examining  the  grains  in  a  nature  taken  fiom   parts  having  no 

liquid  oomposed  of  tvro  parts  of  ooncen-  fertilising  action,  will  aiOTe*  ■•  it  wen, 

trated  sulphuric  acid  and  three  parts  spontaneously    when    suspended    in 

of  water.    By  this  means,  the  external  water;  as,  for  instance^  the  partidfft 

coating  of  the  pollen  is  rendered  tran-  of  which  the  ovary  of  wheat  consists, 

sparent,  the  matter  within  it  is  coagu-  For  in  bodies  so  inilnitel]^  small  ss 

lated,  and  partiallv  forced  out  through  those  in  question,  nothing  is  rerealed 

the  apertures,  in  tne  form  of  long  intes-  by  the  microscope  beyomi  their  ei- 

tine-hke  sacs,  which  are  called  pt^km-  temal  form,  and  no  one  can  say  that 

tub€9.    This  phenomenon  occurs  spon-  bodies  which  seem  under  the  micro- 

taneously  when  the  grains  of  pollen  scope  to  be  identical,  would  not,  in  lad, 

have  fkfien  for  a  few  hours  upon  the  be  found  to  be  entirely  dilferent  if  it 

stigma,  and  it  is  through  suen  intes-  were  possible  to  peroenre  their  stme- 

tine-like  sacs  that  the  rertilizing  mat-  ture  more  distinctly, 
ter  is  ejected  from  the    pollen-grain 
into  the   conducting  portion  of   the 

tissue  of  the  stignuu  Chaftsr  XVIIL 

The  matter  which  is  ejected  appears,  ^^,,    «.  ...       „     ,.^  .      ^ 

under  a  microscope  of  low  power,  tobe  Of  ^  ^*^»  or  Fruei^/ymg  Sif$l$m. 

merely  a  turbid  fluid,  denser  than  the  The    fructifying    system,  or    rnmuh 

water  into  which  it  is  discharjsed ;  upon  ceum,  occupies  the  centre  of  a  flower, 

magmfying  glwses  of  sufficient  power  and  is  the  part  round  wUeh  all  tlii 

being  applied,  the  turbid  fluid  is  found  other  parts  are  armnged;  it  Is  flefes- 

toccmsistofoblong  particles  about  the  raMy  <illed  the  pistU.                   • 

„^»th  of  an  inch  m  diameter,  and  snhe-  Tftie  pisHl  consists  of  oertidn  cOttM- 

roidal  molecules  varying  m  sise  horn  nent  parts  called  earpeU.  wtS^Hn 

the  TtMn  to  the  „^,jth  of  an  inch  in  either  distinct  from  each  other,  as  in 

diameter,  according  to  the  oompuUtion  the  Strawberry'cyf^.  55,  a),  or  all  gitnro 

ofMrDollond.    These,  when  floating  together  into  one  &dy,  as  in  theTttJ 

m  water,  are  m  active  motion,  each  re-  dodendron  (/-.  55,  b) ;  or  if  the  pista 

volving  upon  its  own  axis,  and  the  consists  of  bSt  one  lirpel  as  hiOiii 

larger  kind    having  often  a  sort  of  Cherry,  then  the  terms  pisttt  and ca»d 

spasmodic  contraction  of  the  side.    It  have  (he  same  meaning,                  ^ 
is  a  general  belief  that  these  larger 

E articles  are  the  rudiments  of  em-  Fig.  65« 
ryos,  and  that  the  effect  of  fertiliza- 
tion is  to  convey  one  of  them  into  the 
ovule ;  but  there  is  not,  and  probably 
from  the  nature  of  things  never  can  be, 
any  proof  of  the  correctness  of  this  opi- 
nion.   Fritzsche,  however,  asserts  that 

the  particles  are  nothing  but  grains  of  ^ 
amvlaceous  matter,  or  globides  of  oil, 

and  denies  their  having  anything  to  do  A  carpel  consists  of  ovary  and  mmhi^ 

with  fertilisation.    It  may,  however,  be  style  and  stigma  {fig.  66).    The  ovaiy 

observed,  that  supposing  them  to  be  is  the  lower  portion  {fig.  56,  6),  wt^ieh 

grains  of  amylaceous  matter,  yet  as  is  hollow,  rounded  at  the  back  next  the 

thev  are  of  definite  and  regrular  form,  calyx,  and  sharp  at  the  opposite  eta^ 

and  have  a  specific  motion,  it  is  by  no  within  which  is  a  double  line  oorra- 

means  improbable   that  nature  may  spending  with  an  external  suture.  Mid 

have  destined  them  to  perform  the  im-  called  the  plaemta.    The  ovair  tapen 

portant  action  that  is  ascribed  to  them,  upwards  into  a  slender  horn  or  thmd, 

Amylaceous  matter,  in  a  dead  state,  called  the  style,  and  on  the  pmnt  of 

ought  not  to  be  confounded  with  the  that  organ  there  is  a  humid  sp£e,  des- 

same  substance  imbued  with  the  living  titute  of  cuticle,  and  usually  a  little, 

principle,  which  takes  it  beyond  the  sometimes  very  much,  distended,  which 

ordinary  laws  of  chemical  action,  and  is  the  stiffma  (a).    Of  these  puis  the 

gives  it  powers  of  a  special  nature,  ovary  and  stigma  are  present  in  all 

Nor  IS  It  to  be  admitted  that  the  par-  carpels,  but  the  style  is  not  mor«  essen- 

ticleg  of  the  poUen-fluid  cannot  be  tial  than  the  footstalk  to  the  lead 
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put  ftoBi  which  ths  DTUlei  ori- 
I,  MNinitiiif  of  an  eicreweniw, 
DT  t«M  conndentble,  of  the  unitsd 
of  the  flupel.  i*  what  hu  been 
ih9plat4ma.  SomaUmMitbium 
angle  orula,  more  ftvquentl]'  two, 
«ii«ndl]r  a  greKter  ntnnbar;  in 
ouea  it  ii  acaroely  vinble  except 
Hqoencc  of  the  ortilei  grawitig 
'  it,  but  moit  eommonly  it  hu 
itljr  a  fungoui  appeaianeci  and 
ften  ii  of  oonaiderable  aiie,  ■•  in 
imrote  and  the  Ljahnia  dtolca. 
lall  tee,  as  we  proceed,  that  it  li 
[Ml  of  great  importance. 

the  principal  modiflcationi  of 
with  which  we  are  aaquunted 
odnoed  by  the  varioua  model  in 

the  camli  are  joined  or  k- 
d,  OT  by  the  itate  of  the  growing 
round  which  thej  ere  pluid. 
len  one  cupel  only  i<  pieenit,  u 
rehenr.thaiHitilu  tinpfe;  but 
» than  one  carpel  ii  ftnuid  In  the 
Bow«r,ltlacofr9K>iind.  Sapponng 
nitituent  caipeli  to  be  separate 
me  anotbar  either  entirelf ,  or  to 
ladnable  degree,  the  piatll  ia 

^)oearpau»  iftg.  09,  a),  aa  in  the 
but  (Ranuneulua),  the  RoB^  the 
te.  Sec;  but  if  the  carpeli  grow 
eteljr  ti^ether,  the  pietil  u  (|mcar> 
M  in  ttw  Arhntui,  the  Lilac,  the 
med,  &c  iM-  09>  b). 
;he  diijoined  atata  of  the  oarpda, 
ua  fcw  atates  of  the  piitU  that 
« to  be  pointed  ont,  except  inch 
nidt  fhfm  an  enlaigcment  ot 
ning  of  the  growing  point  round 
I  the  carpels  are  placed. 
I  nature  of  the  growing  point  in 
-bod  ha*  been  already  explained  j 
iga  n.    In  a  floww-tnia  it  bu 


nioally  no  power  of  exteniion ;  for  the 
act  of  ftiming  the  flMal  organ*  aeemi- 
in  nneral  to  paralne  the  oentral  tieeue, 
and  to  lender  it  incapable  of  (brther 
development ;  and  ooneequently  the 
osTpela  an  untally  the  aWdute  ter-. 
minatlon  o(  the  axil  of  growth.  But 
in  aome  oaiea,  alter  the  carpela  ara 
formed,  a  partial  tendency  to  develop 
ia  manihat,  and  the  central  anbttance 
riiea  up  between  the  carpeli,  diijdning 
them,  and  aometimea  estending  for 
beyond  them  iftg.  sr,  e).  Thui  m  tba 
Strawbury  tlui  power  of  exteniion 
produeai  a  aucculent  receptacle,  which 
bean  the  eupcli  icattend  over  ita 
luritee )  in  the  Qcraninm  it  projecta 
beyond  the  carpela,  growing  to  their 
itylei  in  the  ihape  ci  a  hardened  beak ; 
in  the  Rue  it  fonni  a  central  column, 
which  ii  not  veiy  viiible  tilt  the  fruit 
ii  ripe;  and  finally  in  the  Nelnmbium 
(.Jig,  97,  d)  it  riiei  up  about  the  car- 

Seli,  and  fonni  a  lort  of  hemiipherical 
iikinwhichtheyareimmened.  When 
it  i*  laoovlent  and  belonga  to  a  greater 
number  of  carpeli  than  five,  it  is  called 
torut,  or  receptacle;  but  when  it  has 
fire  earpeli,  or  a  imaUer  number,  placed 
regulariy  round  it,  and  finally  eeparat* 
ing  ftom  It,  and  from  each  otner.  when 
-—  1*  "  called  a  gynoAoM  ifig.  97, 


i>. 


Fig.  37. 


An  idea  of  the  manner  in  whivh  the 
appearance  of  the  piitil  ii  modified  by 
the  nnmb«T  of  catprta  ft«.\.  fa«&\\.\Tj 
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first  considering  the  effect  of  two  beini^ 
completely  combined.  Let  fig,  58,/ 
represent  two  carpels  pltced  opposite 
es!ch  other,  but  oistinct,  etdi  haviog 
its  own  style  and  stigma;  then  the 
fig.  g  will  represent  the  appearance  <tf 
a  transverse  section  of  them,  with  the 
two  placentas  pointing  towards  each 
other.  Also  let  flg.  5^  a,  represent  a 
pistil  formed  of  two  caipels  combined, 
and  b  the  transverse  section  of  the  same. 
It  will  then  be  obvious  that  the  style 
and  stigma  of  a,  although  apparently 
simple,  are,  in  fact,  composed  of  two 
stvles  and  two  stigmata  grown  to  each 
other  throughout  their  whole  length, 
and  that  the  ovary  of  a  is  in  like  man- 
ner made  up  of  two  ovaries  complete 

Fig.  58.  , 


in  all  their  parts.  It  will  further  be 
apparent  that  the  partition  which 
divides  the  cavity  of  the  ovary  b  into 
two  equal  parts,  consists  in  part  of  the 
face  of  the  right  hand,  and  in  part  of  that 
of  the  left  hand  carpel  at  a  and/  and  is 
consequently  organically  double,  how- 
ever simple  it  may  appear  to  the  eye 
to  be.  The  placenta  also  at  6,  although 
seemingly  simple,  must  in  like  manner 
be  composed  of  the  placentas  of  two 
carpels. 

Now  if  we  exchange  a  pistil  formed 
of  two  carpels  for  one  into  the  compo- 
sition of  which  Hve  enter  upon  a  similar 
principle,  we  shall  have  an  ovary  with 
live  cells,  five  dissepiments,  and  five 
placentas  united  into  one  in  the  centre. 

If  we  consider  the  relation  which 
these  parts  bear  to  each  other,  it  will 
be  apparent  that  as  the  dissepiments 
are  formed  by  the  sides  of  carpels,  and 
as  1  he  stig^nata  are  the  termination  of 
t/ie  backs  o({he  latter,  th^  stigmas  must 


of  necessity  be  placed  in  aU  eases  fk 
normal  structure  between  the  dissepi- 
ments, or  alternate  with  them.  Hm 
it  is  an  axiom  in  stmeturalboCaiqrthk 
no  partition  in  an  oraiy  is  a  feasiH 
dissepiment,  unless  it  beu*  this  mlstini 
to  the  stigmata,  and  thmt  all  othns  an 
spurious ;  and  moreofver,  that  all  tm 
dissepiments  must  radiate  fitom  a  eosh 
mon  centre  in  a  dirsetion  paiaUd  li 
the  stalk  of  the  ovary.  8o  that  sedi 
vertical  partitions  as  are  met  with  ii 
the  ovaiy  of  Amelanehicr  and  Asfaa- 
gains,  proceeding  fimn  the  baek  m 
front  of  the  cell,  opposite  the  sli|pH^ 
or  as  occur  horixontally  in  the  ftut  if 
Cathartocarpus  fistula*  are  not  esU 
dissepiments,  but  have  the  te^siol 
name  o^phragmata. 

The  oiuy  exceptions  thit  «! 
bly  occur  to  this  htw  of  the 
borne  by  the  dissepiments  to  the 
and  to  the  stigmas*  is  in 
more  rows  thim  one  of 
together.:  When  this 
the  tame  plane^  the  onter'mr  mm 
by  the  placentiferous  ftee  of  eeehaV' 
pel  to  ttie  back  of  the  earpsis  of  Iki 
mner  row,  as  at  Jig.  68.  s;  and  tka 
new  dissepiments  are  prodneed  etf  ngM 
angles  with  the  common  radiating  oan 
But  if  two  rows,  which  arise  finom  tm 
difCbrent  planes,  adhere  to  eaeh  othe; 
the  position  of  the  pwrts  will  heeome^si 
at  fig,  58,  e,  so  oblique,  that  geomBe 
horizontal  dissepiments  will  be  tiw  n- 
suit.  This  has  been  shown  fay  Db 
Lindley  to  be  the  explanation  of  the 
curious  structure  of  the  Pom^fritDate 

Although,  from  what  ptaeeds^  t 
would  seem  to  follow  that  all  pUSi 
consisting  of  more  oaipela  than  ssi 
grown  together  should  contain  sdk 
separated  by  true  dissepiments^  yet 
this  rule  b  sometimes  deviated  frosi 
in  consequence  of  certain  special  modi- 
fications of  the  usual  manner  of  nowtlL 
Suppose  the  constituent  carads  of  a 
syncarpous  pistil  not  to  be  eloeed  sp 
at  the  edge  which  bears  the  plsiiiirfi. 
but  to  be  partially  opened*  and  yet  to 
grow  together  where  thev  touch;  thn 
would,  in  such  a  case,  &rm  what  n 
called  a  one-celled  pistil,  with  panM 
placentae  (fig.  59,  a),  in  wl£h  the 
sides  of  the  carpels  only  prqieot  flma 
the  inside  of  the  pistil  mto  na  eavity, 
without  meetinc:  m  the  centre:  tms 
happens  in  the  Poppy,  and  many  other 
plants.  Or  it  may  occur  that  a  pis- 
til, originally  of  the  most  normal  stiuc- 
lure«  may  assume  an  anoomloas  sp- 
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ee  after  a  certain  period,  in  eon-  one  direction,  when  it  becomei  petal- 
M  of  an  inequality  in  the  rate  lilce,  or  in  all  directions  when  it  is  dub* 
sh  its  diilbrent  parts  may  mw.  shaped  and  massive.  In  the  Iris  is  one 
1  what  are  callea  CaryophylTeotis  of  the  most  remarkable  instances  of  its 
nieh  as  the  Lychi^is  dtoica,  the  assuminji;  the  appearance  of  a  petal ; 
«archickweed(Cerastium),Sco.,  and  Indian  shot  (Cauna)  affords  ano- 
til,  when  very  younr,  hat  several  ther.  In  Asdepias*  Stapelia,  Tupistra, 
eparated  by  complete  dissepi-  and  others,  it  becomes  succulent,  and 
and  joining  in  the  middle  oy  acquires  a  funj^us-like  appearance, 
•pective  placentas.  But  after  a  The  stigma  is  subject  to  similar  alter- 
«  dissepiments  loee  all  power  of  ations,  but  in  a  much  less  degree,  and 
gt  while  the  placentas  expand,  it  is  probable  that  many  anomalous 
te  shell  of  the  ovary  increases  formsreferredbybotanists  to  the  stigma 
f  in  dimension ;  in  consequence  really  belong  to  the  style.  Some  of  its 
the  dissepiments  are  ruptured  most  singuliur  states  are  the  following : 
opposing  strain  of  the  placentas  — in  Rhubarb  (Rheum)  it  forms  three 
one  hand,  which  will  not  sepa-  flat  orbicular  disks,  in  Dock  (RumeiO 
id  of  the  shell  of  the  ovary  on  the  as  many  fHnsed  round  tassels,  and  in 
v,  in  other  words,  of  the  back  of  Grasses  a  tufted  hairv  body  like  the 
ipds,  i^h  are  compelled  to  brushes  with  which  holy  water  is  seat- 
away  from  the  centre  by  the  tered  about  in  Catholic  churches.  In 
n  tlurt  is  constantly  making  to  the  Poppy  the  stigmas  collect  into  a 
mansions  in  every  direction;  the  star-like  body,  crowning  the  top  of  the 
feienoe  of  such  a  pistil  is  per-  ovaiy;  in  theHeart*s-ease  it  is  a  hollow 
ypulling  against  the  centre,  and  globe  with  a  small  aperture  on  one 
disaepiments  wQl  ndther  grow  side;  in  the  Monkey  flower  (Mimulus) 
«tch,  they  must  necessarily  be  it  consists  of  two  membranous  lips 
twain  ifig,  59,  b),  Ytom  this  which  have  the  power  of  contraction 
—I.  if  the  placente  grew  along  when  irritated,  and  in  Clarkia  it  con- 
ole  length  of  the  inner  edge  of  sists  of  four  broad  white  petal-like 
-pels,  a/nM  central  placenta,  as  lobes.  In  Orchideous  plants  it  is  an 
mis  {jig.  59,  b) ;  or  2.  if  they  oval  humid  space  hollowed  out  of  the 
ed  only  at  the  base  of  the  inner  fince  of  the  central  column  of  those 
f  the  carpels,  a  free  batalpla-  plants,  and  in  general  it  has  a  surface 
u  in  the  Tamarisk  (Jig.  59,  c).  which  is  covered  with  a  clammy  or 
„  gluey  secretion:  this  is  no  doubt  a 
^Sf'  *9*  proviskm  for  enabling  it  to  retain  the 

pollen  grains  when  they  ikll  upon  it ; 
when  it  has  not  such  a  contrivance,  it 
is  covered  over  with  long  flnger-like 
processes,  in  which  the  pollen  is  en- 
tangled, as  in  Grasses,  &c.  There  are, 
however,  some  plantain  which  the  sur- 

^^^^  face  of  the  stigma  is  nndistinguishable 

^        ^^^^  from  that  of  the  style,  as  in  Uirthwort 

(Aristolochia),  Asclepiadeous  plants, 

inces  of  this  kind  serve  to  show  and  Tupistra. 
dent  of  botany,  that  the  most       Generally  the  stigma  is  undivided, 

r  anomalies  of  structure   are  and    consequently   the     number    of 

ible  of  easy  explanation  if  at-  stigmasindicates  the  number  of  carpels 

is  steadily  flxed  upon    flrst  of  which  a  syncarpous  pistil  consists. 

les;  and  that  it  is  lughly  nn-  But  this  mark  is  not  always  to  be 

phical  to  suppose  that  the  sim-  trusted;  for  in  most  Euphorbiaceous 

of  design  which  is  so  generall^r  plants  the  stigma  of  each  carpel  is 

sted  in  the  works  of  nature,  is  divided  into  two  deep  lobes,  and  in 

id  from  in  certain  special  cases,  Grasses,  the  pistil  of  which  is  perfectly 

because  we   may   be   unable  simple,  there  are  uniformly  two  stigmas 

to  understand  them  without  soma  distance  apart  at  the  base.    It  is 

Ml*  important  that  this  should  be  weU  con- 

«  are  fow  modifications  of  the  sidered  by  those  who  are  engaged  in 

hieh  are  worth  noticing,  except  the  study  of  vegetabla  %VrM^\>xt^\  Vest 

««n  oausad  l^  its  distenaion  in  it  will  somatuiMaoSeK  «xi«iv|  v^^QScascw 
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of  what  may  at  first  appear  a  most  andtercineareallthaf  cftfibedskseUd, 

.difficult  problem.    For  instance,  Cruci-  and  even  one  of  these  ia  abaent  in  the 

ferous  plants  have  their  stigmas  appa-  Alder  and  its  alliea,  whose  wxim  Inm 

rently   opposite  the  placentas ;    Dr.  only  a  primine  and  a  ooat  to  the  ■»- 

Lindley  has  attempted  to  explain  this  oleus.    These  fitcta  have  baai^  ekn- 

away  by  assuming  that  the  structure  of  dated  chiefly  by  the  eorelU  fas^satjgi- 

the  pistil  of  sucn  plants  is  in  reality  tions  of  Brown  and  MubeL 

much  more  complicated  than  it  seems  The  situation  of  the  teann  s 

to  be ;  but  Dr.  Brown,  on  the  contnuT,  always  at  a  very  eaily  period  of  the 

.finds  a  simpler  and  apparently  a  more  ffrowth  of  the  ovule  at  too  wok;  sad 

probable  explanation  m  the  original  m  many  ovules  it  suheo^uenl^fcnaioi 

two-lobed  structure  of  the  stigma  of  there ;  but  in  the  WHontf  gf  pkoti 

Cruoifer».  the  ovule  bends  down  upon  itaeu,  sad 

gradually  brings ita  apex  down  toits 

Chaptie  XIX.  Dftse.  when  the  loianon  hooonm  on- 


Qf  the  Ovule. 

To  the  naked  eye  the  ovule  is  an  oval 
grain  with  a  motiier-of-pearl  colour, 
and  seems,  when  erushea,  to  be  sim- 
ply a  bag  of  gelatinoui  matter ;  but  in 
reality  it  is  an  or^  whose  straeture  is 
by  no  means  so  simple.  It  consists  of 
a  central  part  callea  the  rnudeui^  over 
which  are  placed  one,  twob  three,  or 
four  membranes,  called  (h>m  their  posi- 
tion the  f)rimme,  iectmdine^  Urdm^ 
and  qu€trtin^  the  primine  being  the 
most  exteniaL  All  these  are  pierced, 
a,t  the  part  which  corresponds  with  the 
point  of  the  nucleus,  with  a  hde  called 
the/ommm  (>^.  60,  a),  so  that  the  point 
of  the  nucleus  is  freely  exposed  to  ex- 
ternal influence.  It  is  believed  that  the 

Fig.  60. 


Flg.^U 


fertilizing  influence  of  the  pollen,  of 
whatever  nature  it  may  be,  ia  here  in- 
troduced ;  for  it  is  uniformly  found  that 
the  rudiment  of  an  embryo  first  appears 
at  the  point  of  the  nucleus ;  and,  in 
fact,  the  foramen  of  the  ovule  may  be 
taken  with  perfect  confidence  as  the 
situation  of  the  future  radicle  of  the 
embryo;  a  point  of  no  inconsiderable 
importance  in  systematic  lx)tany. 
Although  the  ovule  is  in  some  cases 
furnished  with  the  four  integuments 
just  mentioned,  to  which  a  fifth,  the 
quintine,  or  immediate  coat  of  the  nu- 
cleus, has  to  be  added,  yet  in  the  majo- 
rity  of  ctLg&i  the  primine^  secundiiie> 


tiguous  to  the  point  of  inieitiott  of  the 
ovule.  This  is  partioularlv  well  smb 
in  the  gom-d  tribe,  wboae  ohenges  fnm 
a  very  early  state,  when  the  oruls  ii  a 
mere  pulpy  tubercle,  to  ita  periect 
condition,  are  easily  foUoweo,  ud 
have  been  admirably  illuatrated  bf 
Mirbel.  Hg.  61  represents  thk:  a  a 
are  two  very  young  ovolep  in  tiNir  oii- 
ginal  state;  lb  an  the  eaae  gioini 
older,  with  the  foramen  juat  appeariag; 
c  is  one  of  them  with  ita  thiee  costs 
ftiUv  flmned  and  half  bent  down  upon 
itself;  d  shows  the  further  chsnge 
when  the  ovule  has  actually  beoooe 
inverted  in  conseqnenoe  of  tlw  bend- 
ing down  being  aooompliahed ;  and  e 
represents  the  ovule  in  its  perfeet  stste, 
when  ready  to  be  fertilizeo. 

It  appears  probable  that  the  diftmit 
stations  of  the  foramen  upon  the  so^ 
flsce  of  the  ovule  are  closely  oonaeeted 
with  the  peculiar  manner  in  whieh. 
fh>m  the  structure  of  other  pexta,  the 
phenomenon  of  fertilisation  tdm  plaee 
m  different  species  of  plants. 

The  position  of  the  oyule.  with  re- 
gard to  the  ovary,  is  erect  when  it  risei 
irom  the  very  base  of  the  osTiW;  stMstf- 
•11^  when  it  originates  a  mtle  above 
thabasa^peiKliiietMwhen  it  tengsfrom 
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the  very  flpei;  (utpndM  when  if  is  in  a  caseof  reptkr  striiclure;  and  that 

hun<r  up  OS  it  were  from  a  little  below  in  the  tree  Pmony  it  1ms  actually  been 

tile  ai>ex ;  and  finally,  horizontal  or  pet-  seen  witli  an  anther  growing  upon  it. 
tale  when  it  ia  attaclieil  by  its  middle  to 
the  middle  of  the  placenta.  Chaptek  XXI. 

Furitier.ovulcsare  said  tober£f/niVe  -     . 

when  I  ht'ir  number  ii  uniform  and  eaaily  ^  '"*  ^*"'  '■ 

ruiinti-d;  and  {'nf/^ntfit,  if  their  nuuilier  Thb  fniil  of  a  plant  is  the  fertilized 

iit  uiiceilain  and  too  great  to  be  cor-  ovary  arrived  at  maturity,  and  conse- 

i-ectly  counted.  quently  both  organs   must  have  tlie 

same  structure  in  all  their  more  essen- 

CiuPTXR  XX.  t'^  points  ;  for  the  plan  upon  which 

_, ,,    _.  ,  the  ovary  is  to  be  constructed  is  finally 

Ofl/te  DkU.  determined  at  the  period  when  fertili- 

Thii  name  is  given  to  a  body  which  zation  talcea  pUcCi  and  all  that  hap- 

arises  from  tbe  hasa  of  the  ovary  in  the  pens  to  it  afterwards  ia  an  enlargement 

fomi  of  a  ring,  or  of  scales,  or  glands,  and  hardening  or  soflening  of  its  parts, 

cr  of  a  sort  of  cup.    It  is  almost  always  together  with,  ia  some  instances,  a  sup' 

Heihy,  and  seems  in  most  case*  to  pressionofoneportionbythe  r 


secrete  honey,  grou-th  of  the  adjacent  portioi 

I  n  the  Orange,  il  is  a  yellowish  fleshy  other  initatieei  ay  the  addition  of  some- 
ring  (J!g.62,a);  in  the  alpine  Scull-  thing  which  only  existed  in  a  rudimen- 
cap  (Scutellaria)  ijig.  62,  b),  it  is  a  taiV  atate  at  the  [Kriod  of  fertilization, 
thick  scale  placed  on  one  aide  of  the  A  few  inttances  will  serve  to  show  how 
ovaiy;  in  the  Mifrnionette  (Reseda),  it  this  hapneni.  In  the  Oak  the  ovary  has 
is  a  liroad  hairy  plate,  out  of  which  the  three  cells,  in  each  of  which  there  are 
ovary  arises  ;  in  Grasses  it  ia  two  mi-  two  ovules ;  in  the  acom,  which  is  the 
niite  hypogynouB  scales  ;~  in  the  tree  fruit  of  the  oak,  there  is  only  one  seed 
Pieony  it  ia  a  purple  cup,  which  covers  and  one  cell :  here  two  cells  and  five 
the  pistil  all  over  exoept  the  stigmas  ovules  are  destroyed  by  Iho  exclusive 
(jiff.  G2,  <•) ;  and  in  the  Cherry  it  forms  growth  of  one  ovule.  In  the  ovary  of 
a  thick  shininK  lininR  to  the  tulw  of  theSweet chestnut(Castanea)thereare 
the  calyx.  Besides  which,  it  is  found  seven  cells  with  two  ovules  in  each; 
under  otlwr  fomif.  the  ripe  fruit  consists  of  but  one  cell 

j/^g_  53,  and  one  seed,  so  that  in  this  instance 

no  fewer  than  six  cells  and  thirteen 
ovules  are  suppressed,  in  order  to  enable 
a  single  ovule  to  grow  and  be  matured. 
Another  comtnon  instance  in  which  a 
variation  exists  between  the  ovary  and 
the  mature  fruit,  but  from  a  different 
cause,  occurs  in  the  ^enus  Astragalus, 
of  which  the  ovary  is  absolutely  one- 
celled,  but  the  fiuit  two-celled ;  an  ex- 
tension of  the  back  of  the  cell,  subse- 
quent to  fertilization,  projecting  for- 
It  is  probable  that  this  organ  is,  in  ward  into  the  cavity,  and  touching  the 
all  rates,  n  rudimentary  state  of  some  placenta,  is  the  cause  of  this.  But  one 
iinde\-c!oped  litamens ;  and  that  it  is  al-  of  the  most  remarkable  deviations  from 
together  of  a  different  nature  from  the  original  structure  has  been  described  in 
torus  (sue  p.  43)  with  which  it  is  jjene-  tbefiofaniWi?m«<er.t.934,  in  the  fruit 
rally  conlounded.  That  such  is  its  of  a  genus  called  Martynia.  Tlie  author 
real  nature,  seems  to  be  proved  b^  these  says  that  its  fruit  had  been  always  de- 
circunutances :  that  in  liome  Meliaceous  scribed  as  four-celled,  but  that  upon  a 
plants,  lucfa  as  Turrxa  pinnatA,  it  is  careful  examination  ofthe  ovary,it  will 
exactly  like  an  external  cup,  wliich  be  fo\md  that  tlie  fjuii,  in  that  stage 
bears  the  stamens,  and  is  manifestly  (^g.  G3,  a),  is  neither  fout^cellcd,  nor 
produced  by  the  juncture  of  their  fila-  even  two-celled,  liut  consists  of  only 
ments  ;  that  in  Scitamiiieous  plants  its  one  cell,  traversed  by  two  projecting 
parts  oceupy  the  place  of  certain  si  a-  parietal  placenttceach  of  whieh  is  two- 
iTiens  which  arc  not  to  be  found  in  the  lobcd,the  lobes  dividing  e.lt\^\\\.«.w^«'^ 
place  when  tbej  ought  to  tw  stationed   from  Wvia  ^ysA  sA  wss^xHivif.,  o.'ct^ 


bMring  OA  their  tifc^t  a  few  horiiontml 
ovulfls,  of  which  paK  project  into  the 
open  centre  of  the  ovary.  Mid  the  others 


into  the  cavity  between  the  placenta, 
and  the  Uning  of  the  ovary.  Now,  the 
frwit  (.Jig.  63,  b)  differ!  ftim  the  ovwy 

in  no  essential  point  of  structure;  but 
the  following  change*  lake  place:  the 
■hell  of  the  ovarv  and  the  placentas 
become  hard  ana  woody;  the  inner 
(hce*ofthe  latter  become  pressed  tx>ge- 
ther,  so  as  to  destroy  the  ovule*  which 
were  placed  between  them,  and  to  ex- 
hibit the  appearance  of  a  dissepiment 
oftwo plates;  and theremainingovules 
become  pendulous  and  reduced  in  num- 
ber, mature  in  the  form  of  large  wing- 
less seeds  between  the  inner  edge  of  the 
lateral  lobes  of  the  placenta  and  the 
shell  of  the  fruit.  To  this  we  may  add 
that  in  a  genus  called  Pretrea,  nearly 
related  to  Marty  nia.  the  lateral  lobes  of 
the  ovary  actually  grow  to  the  shell 
where  they  touch  it  {Jig.  63,  r:},  and  to 
each  other  in  the  middle,  to  that  an 
ovary  of  one  cell  bccumes  changed  by 
adhesions  into  a  fruit  of  sis  cells. 
Thene,  and  there  are  multitudes  of 
similar  instances,  ought  to  teach  the 
young  botanist  never  to  hope  to  under- 
Htand  the  true  structure  of  the  fruit  of 
a  plant,  without  having  recourse  to  the 
anatomy  of  its  ovary  ;  for  plants  are 
perpetually  in  a  state  of  masquerade, 
which,  to  the  eyes  of  those  who  do  not 
know  the  value  of  a  rwid  observance  of 
Urst  principles,  must  oe  impenetrabVe. 


HaTiiw  premiMd  thna  nmdi  bbb- 
eeming  u»  genenl  natnra  of  the  ta^ 
ntiona  from  ovaiv  to  tcvat,  we  fnanl 
next  to  lonie  oWrTatians  vfoa  6m 
nannal  conditkin  of  the  Utor  orgaiL 

It!  abeU  ■■  what  botanirta  oaO  tte 
foriearp;   this  pait  ia  uauaUy  hmo- 

rieoua.  but  in  some  planta  u  not  to. 
the  Peach,  for  ezaoqple,  tha  outaidc 
ia  a  thin  menbrane,  wUch  mqr  bt 
eaaily  peeled  off:  it  ia  callad  ttia  ^t- 

3p;  then  oomea  a  quantify  ti  cmt 
py  matter  wtiich  we  cat:  tiMliatlie 
nrcoeorp,-  and  finally  thera  ia  ahaid 
bony  wnoUed  part  called  tte  timt  bj 
the  vulgar,  and  the  tmdoemtp  or  jwta- 
Mfli  by  the  boUniat.  Tbeae  dntine- 
lions  are  impcntant  in  daaerOMiigplaats, 
becauae  deacriptioni  often  laqpin  Ihd 
not  only  all  puts,  but  all  moiSfiBatiooi 
of  paita,  shtmld  be  indioated  by  apead 


UK  uiim  nunr  oi  uunr  enneneei  m»  ob 
eocoB-nut ;  other*  han  ttia  jM>i|i»tj  d 
bunting  into  sepanU  piaoaa  or  aMw 
when  rqie,  as  the  Ulw^  Tfeia  aet  of 
bunting  ia  called  Mnteemn,  and  ib 
Yaiietiea  are  often  of  natarial  ii^art- 
ance  in  diatinguiahing  i^ta  ftoaa  aatk 
other.  We  must  thenfore  atalaiAat 
are  the  tyjacal  forms  tt  iliiliiaiaiiii 
But  for  this  purpose  we  muat  meittfi 
the  original  structure  of  tha  piatiL 

A  simple  pistil  is  composedotaiiB^ 
carpel,  which  has  a  ventral  tutmn,  to 
which  the  placenta  adberea,  and  %ir- 
tal  mlure,  which  has  no  placanta.  All 
fruits  are  composed  either  of  one  or  of 
many  carpels.  If  of  many  cw^d^flw 
dissepiments  are  formed  by  theuoaiaa; 
if  of  one  carpel,  there  are  iiiii  iiiwillj 
no  true  dissepiments.  Suppose  that 
when  a  ripe  fruit  dehiiees,  ita  carpdi all 
separate  from  each  other,  aa  in  the  Itta- 
dodendron  (Jig.  64,  a),  then  thtditB- 
cence  is  called  teplieidal,  and  ittn^rit 
is  resolved  into  its  original  doMBR 
but  if  the  carpets  rethse  to  separata  Ai 
give  way  only  tiy  their  doraal  wittn 
(fig.  64,  A),  then  the  dehiact 

loculieidal,  as  in  the  Lilac.     

cases  are  the  most  common,  and  Oa 
only  ones  which  are  worth  natuBKH 
instances  of  a  regular  manner  ofdAll- 
ing ;  and  almost  all  others  are  radaaB^ 
to  such  types.  When,  for  exaaA 
a  fVuit  is  said  to  burst  by  vnlTeaaflb 
point  (Jig.  fi4,  c),  as  in  the  Miiuia  aiff 
chicltweM  (Cerastium),  a  partial  h^ 
ration  ofthe  carpels  t^cea  plaoa  both 
at  \hc\v  dottal  autnrei  and  T    ' 


Mchotlurjastftt  thendofthe  IVuit; 
tad  in  the  Pklioft  Chruti  (Riciniu},  and 
rauf  other  pUnts,  a  tort  of  compound 
banting  occun ;  flrat  of  mil,  the  car- 
pel* ivptrtAt  from  each  other,  tnd  lepti- 


produced  by  itt  broad  p^tate  itiffniu ; 
the  Snapdragon  (Antirrhinum}  {flg.  6S, 
B)  ha«  limiuur  openlnn  near  the  apex 
of  its  fruit ;  and  the  Blue  bells  (Cam- 
panula) burst  by  ragged  holea  at  the 
bottom  of  their  capii3e(^.fi5,  c.Sec.). 
The  Spirting  cucumber  (Momordtca 
elatflriuin)  aucharffet  it>  iVany  pulp 
and  leeds  t^  ^ectinr  them  violently 
through  the  place  where  the  fhiit  and 
the  peduncle  are  joined,  fordne  out  the 
peduncle  like  a  plug  (tarn  a  Hnel  of 
Ibrmenting  liquor.  Tne  FrimroM,  and 
many  othen,  bear  fruit  which  opens 


by  a  tranirerse  separation  of  the  shell 
into  two  parte  (Jig.  S3,  b),  the  upner 
looking  hke  a  cap  to  the  under ; 


ddal  dehifaeaae is  the rewilt ;  theneach 
1'  splits  by  its  two  sotuiea :  this 


B  shell  divides  into  two  laj 
1  and  endoeaip). 


Miuhcidal   opening;'  and  finally, 

*     ■       I  (the 

nroocara  and  endoeaip),  which  eon- 
tnet  and  separate  flnm  each  other  with 
•ome  ferce. 

Hum  are,  howerer,  some  irregulai 
ftrma.  which  are  too  carioo*  to  be 
pMMd  bjr  in  nleoee,  as  Ukv  are  not 
rednmble  to  eitber  or  any  of  the  two 
ftmgoing^pef.    TheP<^py(/;.6S,(i) 


drop  off  ^  frame  (repitim},  to  which 
the  teeda  adhere,  and  which  Mema 
formed  b;  a  junctbn  of  the  autures. 

In  order  to  avoid  rircumlocution,  the 
numerotu  varietiea  which  occur  among 
fiiuti  have  been  classified  by  botanists, 
and  name*  given  to  the  moit  important 
(rf  their  modifications.  By  some  writers 
this  hH  been  carried  to  a  great  extent ; 
Sot  by  othen  the  number  of  essen- 
tially distinct  forms  has  been  much 
drcunscribed.  Although  for  many 
purpose*,  especially  for  arranging  a 
caipdogical  ctdlecbon,  the  more  exact 
dewutiras  of  the  fbrmer  deserve  to  be 
adhered  to,  and  consequently  their 
nomenclature  adopted ;  yet  it  must  be 
admitted,  that  Ibr  the  common  pur- 


wtdeh  lie  bdow  the  rim 


smsll  number  of  (emu  i>  suffiinent. 
No  othen  will  therefore  be  admitted 
into  this  sketch  than  such  a*  ara  of 
every-day  occurrence  in  the  writings  of 
botanists. 

The  /otIieU  (Jig.  GG,  d)  may  be  con- 
ndered  a*  a  carpel  in  its  npe  state, 
opening  by  its  ventral  suture  only,  and 
consequently  to  be  typical  of  all  modifl- 
cations  of  fniiti  as  the  carpel  itselfis  of 
all  modification!  of  pistil.  Instances 
of  a  solitary  fiidUcle  are  found  in  the 
Ladcspor  (Delphinium),  and  of  several 
in  the  same  flower  in  the  Fmony,  the 
Star  anise  (Illieium)  (J^.  66,  c  g),  and 
many  others. 

nam  the  latter,  botanists  dUtinruish 


10  various  are  the  forms  under  which 
it  occun.  It*  most  genuine  attlv.  \ii 
u  wo  4nd il mttie^ev  vi^v*  "ft.  '■*  «. 


BO 
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follicle  openii^  by  both  dorsal  and  lincfdouble««turewhich  runs  rwindit. 

ventral  suturet  into  two  valves.    But  In  this  stale  it  is  sometimes  divided 

it  ■  often  inchpable  of  opening,  and  into  ti  great  Dumber  of  cells,  each  cod- 

tben  is  only  to  be  known  by  the  dis-  taining  one  seed,  and  formed  by  hon- 

Pig.  66. 


lontal  partitions  arinin^  from  the  lining 
of  the  shell  (./J^.  G6,  D,  as  in  Telra- 

Sonolobus  and  the  Carob  tree  (Cera- 
>nia);  or  it  may  be  precisely  like  a 
common  legume,  except  that  it  does 
not  open ;  or  it  may  be  reduced  to  a 
single  leed,  as  in  Clover,  Psoralea,  &c. 
(Jig.  66,  k).  But  its  most  singular  ap- 
pearances tahe  place  when  The  shell 
contracts  round  the  seeds,  so  as  to  look 
as  if  it  consisted  of  a  number  of  distinct 
joints ;  in  the  Sawpod  (Bisemila)  (/^. 
66,  0  it  is  compressed  from  the  back 
to  the  front,  and  is  deeply  and  regularly 
•calloped  at  CHch  edge  ;  in  Horseshoe- 
wort  (Hippocrcpis  comosa)  (_fig.  66,  A) 
it  is  compressed  latemlly,  and  one  side 
only  is  scalloped  ;  in  the  French  honey- 
suckle (Heoysarum  coronarium)  (jig. 
66,  a)  it  is  simply  contracted,  and  even- 
tually falb  inio  pieces,  each  of  which 
contuns  a  seed;  in  the  Caterpillar 
plant  (Scorpiunis)  it  is  rolled  up  upon 
itself,  and  covered  with  tuberclea 
(Jig.  66,  b) ;  and  finally,  in  the  Snail- 
plants  (various  species  of  Medicago), 
the  convolutions  are  extremely  like 
those  of  some  univalve  shells  (Jig. 
ee,  e).     Such  legoinn  m  Kpann 


The  achenium,  or  grain  (j!".  67,  b), 
is  a  carpel  which  is  one-seeded,  doe! 
not  open  when  ripe,  and  has  no  suture 
at  all.  It  is  what  the  old  botamsti 
called  a  naked  seed,  because  it  if- 
sembles  a  seed  in  size  and  textun. 
Instances  of  it  occur  in  (he  Strawbenr. 
the  Crowfoot,  and  the  Fig,  ia  whieo 


fruit  is  terminated  by  a  kind  of  pIiBie  I 
(j^f.  67.  a),  as  in  Virgin's  bower  (pit- 
mBtis),  which  in  the  hardened  style   i 
covered  over  vrith  long  featheiy  hinii  I 
or  it  is  crowned  by  a  number  of  scale* 
or  hairs  called  pajipus,  placed  in  a  iii4 
at  its  summit,  as  in  Compound  flouss  i 
(^.  67,  c  d).    Two  achenia  comiiiotd 
form  the    fiuit    of  an   Unibeiliferoiu 
(fi^.  67,  g}  plant,   and   two   or  four, 
united  at  their  bases  only  {Jfg,  n,t>. 
that  of  a  Boragineous  one. 

A  earioptit  is  an  achaniimv^a 
thin  shell,  which  giowa  so  eloM  to  Uk  ' 
■kin  of  the  seed  as  to  be  TliW|m  iWf  i 
ud  nndiitingiMlabte;  JrtMi.  ii  flie 
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frut  of  Wheats  Maixe,  and  other  kinds 
€f  com* 

A  uiride  is  a  cuiopsis  with  a  thia 
loose  shell;  it  would  be  an  achenimii 
if  the  shell  were  hard ;  it  occurs  in 
Goosefoot  (Chenopodium),  and  often 
divides  transrersely  0^.  67,  t). 

A  nmi  is  an  achenium  in  every  thing, 
except  that  it  results  fiom  a  compound 
pira,  and  is  really  composed  of  several 
caipdi,  although  all  of  them  may  be 
iboitiTe  except  one.  The  Hazel-nut; 
the  Chcatnot,  the  Acorn,  are  f^muliar 
fartaneesof  this. 

The  keif  (Samara)  is  either  an  ache- 
tfum,  or  a  nut  with  the  summit  ex- 
panded into  a  wing,  as  in  the  Ash  and 
the  SyesuBum  ifig.  67,  a). 

Th«  dntp$  Is  an  acheidum  with  the 
sImII  aegaimble  into  two  layers,  of  which 
the  fadMr  is  hard  and  bony,  fbrming  a 
iloM  or  sadbMfj),  and  tlie  other  soft 
and  Jafer;  inming  a  flesh.  The  fruits 
of  tile  Peach,  the  Plum,  the  Cheny, 
aie  dmpea  (/g.  67,/). 

Fig.  ^7.    . 


The  walnut  is  a  drupe,  the  endocarp 
of  whidi  separates  into  two  valves, 
each  of  which  has  an  imperfect  spari- 
oiii  dtotpcoMiff  piojeetiog  Ovm  the 


back,  and  cutting  the  seed  into  deep 
lobes  ijig.  67,^A). 

The  berry  (bacca)  is  composed  of 
several  carpels,  which,  when  ripe,  are 
a  mere  mass  of  ptdp,  in  which  the  seeds 
lie  buried,  as  the  GHape  and  the  Goose- 
beny. 

The  gourd  (pepo)  is  a  beny  with  a 
hard  xinid,  like  a  Melon. 

Thepome  is  a  sort  of  fleshy  berry,  in 
which  the  inside  of  the  cells  is  dry,  so 
that  the  seeds  do  not  lie  in  pulp ;  it 
is  composed  of  a  few  carpels  sur- 
roundea  by  a  fleshy  calyx,  to  which 
thev  grow,  and  may  either  have  a  thin 
ana  papery,  or  a  thick  and  bony  lining 
to  its  cells.  The  former,  which  occurs 
in  the  Apple,  may  be  consid^ed  as  a 
combination  of  fleshy  follicles  with  a 
fleshy  cai^;  the  latter,  which  we  find 
in  the  Medlar,  as  a  union  of  drupes  to 
aflieshycalyx. 

The  Hliqua  (flg.  68,  e)  is  a  dnr  fruit, 
with  two  valves  Uiai  separate  from  a 
ftune  to  which  the  seeds  are  attached : 
in  the  Cabbage  it  is  long  and  narrow : 
in  the  Shepherd's  purse  (CapseUa),  it 
ip  short  and  broad  {fig.  68,  a) ;  the 
latter  is  called  a  nlicie;  in  Sea-kale, 
the  valves  do  not  separate  from  the 
frame. 

Finally,  the  eapnUe  is  a  general  term 
fag  all  cuy  fruits  which  are  composed 
dfmore  carpels  than  one,  and  which 
dehisce  when  ripe ;  its  application  is 
tven  extended  oy  combinmg  it  with 
modifying  words ;  thus  a  berried  cap" 
nde  is  a  fruit  having  the  ordinary 
structure  of  a  capsule,  with  a  soft, 
juicy  shell,  and  not  dehiscing ;  and  so 
on.  Taken  in  its  most  general  sense, 
it  is  the  most  variable  in  appearance  of 
all  the  oi^ans  of  fructification.  In  Col- 
chicum  it  consists  of  three  follicles 
separating  in  a  septicidal  manner  iJig. 
68,  e) ;  this  is  a  very  common  form  of 
it.  In  Snapdragon,  it  consists  of  two 
cells  opening  at  the  summit  by  three 
pores  iflg.  65).  In  the  Sun-tree  (He- 
liocarpus),  it  has  two  cells,  opening  in 
a  locmiddal  manner,  and  surrounded 
by  long  feathery  processes  which  give 
it  the  appearance  of  a  Catholic  gK>ry. 
In  Hypecoum  it  is  long,  taper,  curved, 
and  separates  into  one-seeded  joints 
like  a  lomentaceous  legume  i/ig'  68, 
tf),  from  which  it  is  known  by  its  seeds 
being  attached  to  both  sutures.  In  the 
Screw-fruits  (Helicteres)  it  consists  of 
Ave  slender,  narrow  fo\Vvc\«a^'vViSRVw%x^ 
twisted  toselYiet  \n  amnal  T«iaKt)iM^<^ 


end  of  the  leed,  and  ifipeat  detUned  ombno  ii  enguaSis  fimxwd  is  flu 

to  cury  it  aloft  in  the  air  lo  u  to  be  midit  of  the  polw  nibitwiGa  of  the 

GODTeved  to  a  distance  &0111  iti  spot  kenwl,  and  toM  11  is  noumlud  Intt 

of  birth.   Nor  aie  hair*  the  only  meant  during  ita  growth.   Tbia  polpj  mute 

of  traniport  through  the  ur  which  beart,  appueTitlT,muchUMBaineida- 

aecda  poiicti ;  loine  have  broad,  mem-  tiontotlieembiToplantaatbewluUof 

branoua  expanitoni,  called  mngt,  the  an  egg  to  an  embryo  bird ;  and  benoi 

office  of  which  they  reallv  leem  to  it  faaa  obtained  the  aame  of  uNmilr 

aerve,  aa  in  Bignooia,  and  planta  allied  (Jg.  ii,  ed).    In  a  yvrj  great  midxt 

to  it  ifig.  71,3).  ofcaaeathisinhatanceuioiriioUjab- 

It  frequentlv  happeni  that  aeedj  are  iorbed  bjr  the  embryo,  that  no  taat  vt 

attached  to  the  placenta  by  a  aort  of  it  it  left  behind;  but  in  othenitn- 

ttallccalled  the  umWiealeori,- which  maina   inteipoaed  between  Um  ikii 

is  an  extension  of  the  placenta  itael(  of  the  seed  and  the  embryot  in  the 

and  coQiiitt  of  a  Inindle  of  nourishing  form  of  a  homy,  or  mealy,  or  flediy,  <c 

Teiseli  luiTOunded  by  tpongy  matter,  oily  substance,    Theee  digferenoet  ti 

In  ita  ordinary  state,  ue  umcuical  cord  its  texture  are  owiiu[  to  the  natOR  of 

rarely  attracts  much  attention ;  but  it  a  substance  secretea  during  the  tama- 

sometimes  assumes  a  very  remarkable  tion  of  the  seed  within  the  •dlulai 

appearance.    In  the  common  Spindle-  tissue  of  the  kernel,  and  rralMdng  tin 

tree  (Euonvmus),  the  seed  is  enreloped  fluid  matter  consumed  by  tae  aBuijo; 

in  a  red  fleshy  bag,  nhich  is  open  at  a  substance  which,  in  Cmn,  couiita  d 

the  mouth,  and  which  is  an  expansion  fkrinaceous  matter  adapted    flir  the 

of  the  top  of  the  umbilical  cord  just  be-  foodofman;  iaCoflte,of  n  atinnlat- 

low  the  hilum  (Sg.  73,  fi).    An  organ  ing  secretion,  the  inflition  of  which 

oftbisBort  is  called  an ari/;  themoat  forms  a  grateCbl  iKverage ;  nndintha 

remarkable  instance  of  it  occurs  in  the  Poppy,  of  greasy  mattv,  firom  whieh  a 

Nutmeg,  I'n  which  it  forms  the  mace  of  valuable  oil  is  extracted ;  but  whicl^ 

the  »hops,  being  a  tough,  lacerated,  in  all  cases,  seems  more  particnlidj 

fleshy  body,  overlapping  the  whole  of  destined  for  the  uutiitioD  of  the  em- 

the  seed  (jig.  ti,  e):   m  an  almost  bryo  in  ita  infant  state.    IfapaitonlT 

equal  state  of  development  it  occurs  in  of  the  cellular  subetance  of  the  kaiiA 

the  Akee  plant  (Blighia  sapida),  in  is  filled  with  a  solid  deposit,  and  ano- 

which  it  forms  a  fleshy,  eatable  fhn-  ther  part  remains  empty  after  hsviog 

eosity,  in  which  the  seed  is  half  buried,  been  drained  by  the  embryo,  the  alhi- 

In  the  Passion-flower  it  is  a  pulpy  hood,  men  will,  in  that  case,  repreaent  a  bt- 

quite  enclosing  the  seed  (Jig.  72,  a);  terogeneous  mass,  full  of  irregular  can- 


PS^.  73. 


in  Heart-seed  (Cardiospermum),  it  is  a 
httle  plaU  (y!y.  72,  e) ;  and  in  Tumera 
it  is  only  a  scale  standing  by  the  side 
of  the  seed  (Jig.  n,  d).  The  uses  of 
this  organ  are  unknown ;  it  is  however 
to  tae  remarked  that  it  is  never  formed 
until  after  the  fertiliiation  of  the  ovule 
has  been  accomplished. 


ties,  among  which  solid  matter  is  in- 
terspersed, as  in  the  Nutmeg  and  some 
other  plants.  Albumen  of  Uiis  kind  ii 
called  ruminated  (Jig.  73,  c). 

These  are  seneraUy  the  only  pailt 
of  a  seed  of  any  importance  except  the 
embryo,  of  which  we  shall  treat  m  the 
succeeding  chapter.  There  ia,  how 
ever,  in  some  cases,  an  additional  part 
called  the  vittUut,  In  the  yeUow 
Water-lily  <Nuphai  luteum),  there  is  a 

Fig.  73. 


lomplished.  fleshy  bag  which  intervenea  iMtween 

it  ^i«  been  already  stated  thai  ti\i«   ftw  albmaa^  MAfcrnhTyi,  ""TT'iiiing  Iht 
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faiHer  ijig,  7S»  a) ;  a  aiiiiilAr  structure 
oeeora  in  ft  fern  other  inttancest  espe- 
euUj  in  ell  specice  of  the  Ginger  trioe, 
where  it  fiirme  a  eoit  of  eup»  beyond 
wladi  the  embrvo  protrudes  C^g,  73, 6). 
This  part*  whieh  is^  in  reality,  ihe  in- 
neimost  integument  of  the  ovule,  in 
sn  indurated  state,  is  the  viteilus ; 
and  before  the  anatomy  of  the  ovule 
had  been  made  out  by  Brown  and 
Miibei,  was  a  very  puzsiing  organ  for 
botaniita  to  account  for.  Its  use  is 
mkno'wn. 

ntm  what  has  gone  before,  it  is  olear 
Hiat  the  OTule  is  the  origin  of  the  seed ; 
tnd  as  nearljr  all  ovules  are  originally 
enefcMed  within  a  caroel,  there  can  be 
00  soeh  thin^  as  naiked  seeds  except 
in  a  TOT  Urn  instances.  What  the  old 
botanista  ealled  naked  seeds  were  uta- 
aUy  acheoia;  and  true  naked  seeds 
are  hardly  known  beyond  Coniferous 
and  Cf cadeous  plants;  concerning 
wbieh  see  the  Systematic  part  of  thu 
Tkcatiat. 


Cbaptse  XXIII. 

Q^  the  Embryo. 

Tina  part  is  so  extremehr  varied  in 
i»  atfiMtore,  that  it  is  absolutely  neoes- 
saiy  to  take  some  one  form  as  typical 
of  ills  remainder,  if  the  endless  modi- 
icitioos  it  exhibits  are  to  be  correctly 
imdcntood.  Yot  this  purpose  let  a  6, 
/Ig,  74,  represent  the  central  portion  or 

Fig.  7 A. 


node :  upon  which  supposition  the  plu* 
mule  wul  be  axillary  to  both  cotyle« 
dons  at  once.  From  this  form  of  em- 
bryo all  our  ideas  of  that  organ  ma^  be 
derived :  it  represents  more  particu- 
larly what  is  called  a  dUcotytedonoui 
embryo,  in  which  not  only  there  are  two 
cotyledons,  but  they  are  opposite  to 
each  other ;  let  the  number  of  cotyle- 
dons be  increased,  all  other  things  re- 
maining as  before,  and  it  is  polycoty- 
Monous,  as  in  Fir  trees  (Jig.  75,  d). 

In  the  lime  tree  (Tiha)  the  coty- 
ledons are  broad,  thin,  and  leafy  (jfg, 
75,  c) ;  in  the  senus  Ardisia,  they  are 
very  short,  whue  the  radicle  is  undu- 
lated and  very  long  in  proportion  (Jig. 
75,  b) ;  in  Cactus  Uiey  are  almost  rudi- 
mentary (Jig,  75,  e) ;  in  the  Horse- 
chestnut  they  grow  together  by  their 
faces  into  a  *solid  body,  enclosing  the 
plumule. 

Usually  they  are  undivided,  but  in 
the  loop-holed  Menispermum  they  are 
pierced  with  holes  (jlg.  75,  a) ;  and  in 
some  Cruciferous  plants  are  deeply 
gashed* 

Fig.  75. 


axis  of  any  embryo,  and  c  c  two  seed- 
feewii  called  cotyledons,  growing  from 
it  Ttw  part  from  a  to  6  will  then  re- 
present a  stem,  of  which  a,  called  the 
pbcam/f ,  is  the  growing  point ;  6,  the 
radieUt  is  the  root;  and  the  interme- 
diate space  between  the  radicle  b  and 
thehsiis  of  the  coijrIedoDs  c,  an  inter- 


Ordinarily  they  lie  flat  face  to  face, 
but  there  are  many  exceptions  to  this ; 
in  the  common  Maple  (Acer  campestre) 
they  are  folded  and  plaited  something 
like  a  bat's  wings  (Jig.  75,  g) ;  in  the 
Pomegranate  they  are  rolled  round 
each  other  in  a  spiral  manner  (Jig.  75 
/) ;  in  Cordia  myxa  they  are  plaited  in 
such  a  way,  that  when  cut  through 
horiiontallv,  they  resemble  the  quilling 
round  a  laa/s  gown ;  in  the  Chocolate 
plant  (Theobroma  cacao)  they  have  a 
broken  and  most  irregular  arrange- 
ment, forming  when  within  the  seed 
an  oblong  wrinkled  bod^  i^fig.  1^^  K>« 

Commonly  the  emtorfo  \a  ^t«L\^V. 
or  but  slighUy  coined  \  WXwi^^iXwsx 
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plants  it  is  rolled  up  in  a  singular  way ; 
m  the  Chalcedonian  Lychnis,  and  many 
species  of  the  same  natural  order,  it  is 
annular,  that  is,  curved  into  the  form 
of  a  ring,  the  summit  of  the  cotyledons 
touching  the  point  of  the  radicle  (Jig, 
75, 1) ;  m  the  Caterpillar  plant  (Scor- 
piurus)  it  is  folded  so  as  to  resemble 
the  letter  8 ;  and  in  Dodder tCuscuta) 
it  is  spiral  (Jig.  75,  A). 

All  the  foregoing  modifications  are 
easily  intelligible  upon  reference  to  the 
typical  form  of  the  embryo ;  but  there 
are  others  called  monocotyledonous, 
because  they  have  only  one  cotyledon, 
in  which  the  analogy  between  them 
and  the  supposed  type  is  at  first  sight 
not  apparent.  Take,  for  instance,  the 
embryo  of  a  Cocoa-nut  (Jig,  76,  d) ;  it 
is  a  taper  fleshy  body,  somewhat  club- 
shaped  at  one  end,  and  abruptly 
blunted  at  the  other ;  no  trace  of  cotv- 
Icklon,  plumule,  or  radicle,  is  externally 
discoverable.  If  however  it  is  divided 
with  a  thin  and  sharp  knife  from  top 
to  bottom  into  two  equal  parts,  it  will 
be  found  that  near  the  blunt  end  there 
is  an  internal  conical  tumour  directed 
upwards;  this  is  ascertained  by  the 
germination  of  a  cocoa-nut  to  od  the 
young  plumule;  and  this  being 
known,  it  follows  that  the  abruptly 
blunted  end  of  this  embryo  is  the 
radide,  and  the  other  the  cotyledon ; 
hence  it  derives  its  name  of  monocoty- 
ledon. 

But  althoug^h  thus  much  is  to  be 
determined  without  great  difficulty, 
there  still  remains  a  want  of  proof  that 
the  so-called  sinele  cotyledon  is  not  in 
fact  composed,  like  that  of  the  Horse- 
chestnut,  of  two  grown  together.  The 
demonstration  of  this  is  by  a  curious 
series  of  proofs.  1.  The  embryo  of  an 
Arum  is  like  that  of  a  Palm,  only  there 
is  a  slit  on  one  side  of  it  through  which 
the  plumule  easily  escapes  {fig,  76,  c), 

2.  In  Rice  (Oryza)  thts  slit  is  very 
much   lengthened   and   widened   {b), 

3.  In  Barley  the  plumule  projects  be- 
yond the  slit,  leaving  a  flat  cotyledon 
on  one  side  (a)  ;  and  4.  In  Wheat  the 
embryo  has  the  structure  of  Barley, 
with  this  most  important  exception, 
that  at  the  base  of  the  plumule  in 
front  there  is  a  rudimentary  cotyledon 
alternate  with  the  large  flat  one,  on 
the  opposite  side  of  the  plumule  (/). 
Hence  we  are  to  infer  that  the  mono- 
cotyledonous  embryo  of  a  Palm  u  ana- 
logous to  that  of  a  dicotyledon^  of  which 


one  of  the'eotyledoni  ie  (AHraeied,  mi 
the  other  rolled  round  tkepiumMlamii 
eoneolidated  at  its  edgee.  And  this  is 
the  view  that  must  be  taken  of  ths 
monocotyledonoos  embryo  in 
all  the  modificatk>nt  of  whieh 
ducible  to  this  standaid.j 

Bg.  76. 


Thus  in  Sea-wrack  C/^.  76,  gi  (Zoi- 
tera  marina)  of  which  the  euilnyu  ■ 
an  oblong  almond-shaped  bodj  wiOi 
a  cleft  on  one  side,  in  the  caTify  of 
which  a  long  flexuose  proceaa  if  pteindL 
the  latter  is  the  plumule,  ead  fhe 
former  at  one  end  the  ootyledoo,  tad 
the  radicle  at  the  other  ;^  in  Rnnpit 
maritima,  whose  embryo  is  an  duong 
body,  cut  suddenly  off  at  one  end  C%. 
76,  h)  on  which  a  sort  of  carved  hon 
crouches,  the  latter  is  the  plunmle, 
and  the  former  chiefly  cotyledon ;  and 
so  in  Frog  bit  (Hydrocharis  monvs 
ranse),  the  embryo  of  which  is  an  obkmg 
fleshy  kernel  with  a  hole  on  one  side, in 
which  there  lies  a  short  cylinder;  the 
latter  is  the  plumule,  and  the  former  the 
cotyledon.  It  is  amusing  to  eompaie 
these  simple  explanations  with  the 
overstrained  and  far-fetched  notions  of 
the  late  Professor  Richard  of  Paris*  ss 
set  forth  in  his  Analyse  du  Bndt^  trans- 
lated by  Lindley  some  fifteen  jreavs  ago. 
At  that  time  no  one  had  a  notion  of 
the  true  theory  of  the  structure  of  fruits 
and  seeds,  the  luminous  views  of  Gothe. 
although  for  above  twenty  years  be- 
fore the  public,  not  being  known  to  a 
single  individual  in  this  country,  and 
all  that  concerns  the  seed  being  still  an 
unexplained  mystery. 

The  embryo  called  acotyledonons» 
not  being  the  result  of  specific  fertili- 
zation, is  not,  properly  speaking,  an 
embryo  at  all,  and  will  be  adveif ed  to 
in  another  place. 
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ChaptirXXTV.  ^^^  ^^^  abortive,  the  leaves  would 

f%^  Ah^^i^^    Tk^^^M^^iiLm     amm^  "^  ^  fascicled,  but  alternate  as  in 

^y^;^*^'^^  common  firs.    In  leaves,  very  curious 

«o«M,  ^c,'^  FUweriesM  PUmU.  in^ances  of  abortion  take  pface ;  it  is 

VITbat  has  been  stated  in  the  preceding  bv  that  of  the  leaflets  of  Acacias  that 

pages  is  to  be  understood  to  relate  to  phyllodia  are  caused  to  develope(p.  27); 

organs  in  their  usual  state;  and  to  be  and  it  is  the  same  cause  which  pro- 

sxplanatory  either  of  what    may   be  duces  in  Stapelia,  Euphorbia,  Cactus, 

xmsidered  normal  structure,  or,  at  sU  &c.,  thosft   remarkable  stems  (p.  13) 

svents,  of  deviations  which  are  easily  which  seem  to  us  as  leaves.    It  is  this, 

reeondlable  with  it     This  Treatise  also^  to  which  we  are  to  ascribe  the 

irould,  however,  be  incomplete  with-  peculiar  appearance  of  such  plants  as 

mt  some  account  of  the  principles  Chara,    Duckweed,    and    submersed 

ipon  which  it  is  conceived  that  all  Algfle. 

i;rmt  exceptions  to  normal  structure       Thus  the  abortk>n  of 'the  *calyx  and 

nay  be  accounted  for,  and  by  which  corolla  produces  the  kind  of  flowers 

they  may  be  reduced  to  such  types  as  we  And,  m  the  Willow,  and  to  that  of 

ihoae  already  spoken  of.    But  as  the  either  the  pistil   or  the  stamens  is 

limits  of  such  a  sketch  as  this  forbid  wholly  to  be  ascribed  the  existence  of 

thequestton  to  be  examined  in  much  de-  what  are  called  unisexual  flowers.    In 

tail,  a  few  examples  only  will  be  ^iven  all  plants  it  is  ncmnal  that  the  number 

in  connexion  with  very  general  views,  of  parts  in  the  corolla,  or  the  stamens. 

It  must  be  obvious,  from  all  that  or  the  pistil,  should  not  be  less  than 

bas  as  yet  been  advanced,  that  the  the  multiple  of  the  numbers  in  the 

lifferent  parts  of  which  plants  consist  caljrx;  and  all  exceptions  to  this  are 

ire  extremely  simple  in  their  nature ;  ascribed  to  abortion.    Thus  Lamium, 

lad  it  is  a  matter  of  surprise  that  such  the  white  Dead  nettle,  has  a  calyx  with 

I  prodigious  diversity,  not  only  of  ge*  Ave  teeth,  a  corolla  which  is  reducible 

Mral  appearance,  but  of  arrangement  to  Ave  petds ;  but  only  four  stamens ; 

lad  stn^ure,  as  the  vegetable  king[-  in  this  case  one  stamen  is  abortive,  as 

lom  presents,  should  result  from  their  is  inrored  by  plants  like  Pentstemon,  in 

XMibinations.     Some  F^nch  author  which  that  becomes  developed  which 

Its  indeed  said  that  vegetation  is  the  is  usually  undeveloped.    A  part  of  the 

nasquerade  dress  of  nature;  it  is,  how-  petals  in  like  manner  is,  in  some  in- 

iftr,  a  masquerade  which  forms  a  dis-  stances,  abortive ;  as  in  Cuphea,  which 

{uise  only  to  the  eyes  of  those  who  wants  a  part  in  some  species,  and  the 

ook  at  Nature  without  studying  her.  whole  in  others ;  and  in  Daphne,  in 

The  three  principal  modes  in  which  which  all  the  petals  are  always  abor- 

JMtme  or  typical  structure  of  plants  tive.     This  term  is  also  applied  to 

s  obscured,  are  abortumt  or  the  non-  parts  which,  although  once  completely 

levelopment  of  organs ;  degeneraium^  formed,  nevertheless  become  abortive 

ir  their  imperfect  development ;  and  in  the  course  of  their  growth,  as  is  the 

KMflstoft,  or  the  growth  of  one  to  the  case  with  part  of  the  ovules  and  car- 

ither.  pels  of  Cupuliferous  plants,  as  is  ex- 

Tbe  term  abortion  would  seem  to  plained  at  p.  47,  as  is  common   in 

nmess,  that  a  put  shortly  after  its  many  Palms,  and  as  usually  happens 

iriffinal   creation    became  deformed  in  the  Rose  itself  bet  ween  the  fertiliza- 

uia  ceased  to  have  the  power  of  ftirt her  tion  and  maturity  of  its  fruit, 
levelopment ;    such,  however,  is  not       Degenerations  are  a  much  more  fer- 

:h€  sense  in  which  botanists  use  it.  tile  source  of  alteration  in  appearance ; 

By  abortion  they  mean  the  non-ap-  they  g^enerally  consist  in  a  jMirt  being 

leaiance  of  some  organ  at  the  place  less  mghly  developed  than  is  usual ; 

irhere  one  would  expect  that  it  would  and   may   be  considered— if  viewed 

ippear«  and  where  in  fact  it  would  be  in  their  true  light— as  explanatory  of 

band  if  the  structure  were  regular,  the  true  basis  of  comparative  anatomy 

rhere  are  no  piurts  of  plants  that  may  in  the  v^^etable  kingdom  (see  p.  59). 

not  become  skortive,  either  acciden-  As  instances  of  this,  among  leaves,  may 

tally  or  normally ;  for  instance,  even  be  quoted  such  plants  as  Ruellia  ani- 

in  branches,  it  is  their  abortion  in  Pine  sophylla,  in  which  one  of  the  leaves  of 

trees  which  causes  the  fescicled  ap-  each  pair  is  minute  and  unformed ;  or 

pearanee  of  the  leaves  of  such  plants ;  as  Monotrapa  b^fvov^^l*  A>»ft  ^^*- 

f  the  gieater  part  of  tbm  branches  nest  Orclua  CK^e«AVva>>  ^^(<ssNK«^as«X  V>*r 
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_i  the  demnenta  it&te  of  tendency  evinced  in  keddenUl  OMe^ 

Kale*;  thstcalrcoTenngtoflwf-buds  ■nefa  u  the  growth  togetbflr  of  tm 

are  alio  impemctlf  fbnned  or  dennB-  Cueumben,  or  of  two  A^pln,  or  of  two 
nteleaves.    Thecalyi    '  '^*  "^     —  •"*—  *" 

for  the  many  tbApei  it ._  

de^neiatea;  intneSlmandtheBeeoh  In  the  hadKea,  whoa  branobea  amiar 

it  la  nothinx  but  a  thin,  graen,  do-  tertwinad  reiy  closely,  one  bmieh  tn- 

fonned  membraoe  ;  in  the  fertile  flower  quently  growi  to  that  which  ia  ant  it* 

of  the  Fig  it  ia  a  few  unequal  bnatlea  j  (onning  a  oomplete  natuial  but  bmU 

and  in  many  Compoaite  planti  it  con-  dantal  union. 

aiata  of  little  man  than  hain  or  sharp-       Thia  property,  which  eziats  thoa  «b- 

pointed  aeales;  and  is  often  so  entirely  tensiTelyiis  of  great  and  omtinnalcmn- 

rudimentary  as  to  be  nothing  but  a  tion  in  veiling  the  real  natnra  of  all  tba 

aarrowrim.   In  like  manner  the  oorolla  external  parts  of  which  plaata  oohmi^ 

is  ndttcedtoafewscalesin  Buckthorn  whether  of  vegetation  or  of  frootiln- 

<Rhamnua),  and  its  interior  petals  to  tion.     Leavea,  for  imUnoe,  gam  to* 

thread-like  processes  iq  the  Passion-  eether  b)[  their  base*  <p.S8i  jb.m; 

flower.   The  atamen*  again  are  in  part  tne  adheuons  of  stipules  oauae  wo  pio* 

not  more  developed  than  as  little  soalea  duction  of  ochres,  and  that  oC  btaalo 

in Scitamineoua plants; in Lopesiaap-  is  the  explanation  of  tho  onpole  or 

pear  in  the  fonn  of  a  spoon-shaped  onp  of  an  acorn  (p.  3S).    So  aio  meat 

membrane ;    in  multitude*  of  pluit*  of  the    modifications  of  fruetifloatioD 

•re  little    awl-ahaped   proaassaa    ro-  produoed  bv  the  af^euOT  of  tbo  aaiM 

iembling  filaments ;  and  in  a  ouiious  tendency.    The  calyx,  for  examplo,  is 

New  Holland  genus  called  Enpomatia,  aonnally  composed  of  a  oortain  ai^ 

they  altcqiether  asiumethe  appearanoo  ber  of  aepals ;  they  grow  mom  or  laai 

of  petals  (Jig.  7G*}.    Evsn  mules  in  a  together,  and  constitute  a  toothod  aa^ 

degenerate  atate  are  thm^t  to  be  dia-  a  tube,  or  even  an  nndividad  «yUadw| 

ooverable  in  the  form  of  the  ajaada  th«  petals  also  adhere  into  paita  «<  a 

which  grow -upon  the  edge  of  toe  leaf  amilar  nature.  Eonmnit  monopatadaaa 

of  a  Peach-tree.  eondlaa;  the  filaments  combinok'~~ 


sheath  far  the  ovary  (Jt.  51,/>:  thi 
anthers  j^w  into  a  sheath  tot  tba  >Ma  ' 
in  Composite  plants ;  the  caipel%  at^H^ 


JVff-  ?6*«  anthers  jjrow  into  a  shei 

.    .. .  in  Composite  plants;  thi 

and  stigmas  oombtoe  to  form 

piatils(j^.fi5);calyx,coroUi..     , 

and  ovaries,  all  coalesce  into  ona  sofid 
body  to  form  an  infeiior  ovaiy;  aad 
finally,  in  Orchis,  the  filaments,  aathan, 
style,  and  stigma,  are  consolidated  inta 
one  columnar  mais. 

These  instances,  and  avoluma  tnicfat 
be  filled  with  others  such,  are  ataoa- 
dantly  sufficient  to  show  the  iwervateeo 
Olih9iam,IMaialleontiguoiupatttmt 
liable  to  groK  together. 

It  must  however  be  remarked,  that 
in  all  casea  of  normal  adheuo^  tha 
But  whatever  deviations  from  normal  growing  together  seems  to  take  plaeo 
structure  may  occur  in  consequence  of  at  a  very  early  period  of  tha  fomutioa 
abortions  and  degenerations,  they  are  of  the  organs ;  and  to  be  altogetbar 
as  nothing  compared  with  what  is  pro-  antecedent  to  their  arriving  at  a  poiftat 
duced  by  the  adhesion  or  growth  of  state- 
one  thing  to  another,  a  phenomenon  Fhmtriet*  PlaKt*.~-\\  is  probably 
on  which  depends  the  very  existence  although  it  is  not  yet  susceptible  of 
of  plants  as  organic  beings.  Their  proof  in  many  cases,  that  all  the  curious 
whale  framework  is  constituted  of  mi-  deviations  from  typical  structure  whidt 
nute  or^ns  in  a  state  of  adhesion ;  occur  among  flowerless  plants,  are  ow- 
their  stems  may  be  understood,  with-  ingtotheoperitionofoneorotharofthe 
out  doing  violence  to  truth,  as  com-  foregang  causes.  For  example,  there 
l^oatioaaf^naaywpAKmtQtMftlx/i   cwu.teKUwl']  «.d»ihtthatUw»pn>- 
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drntknorgfam  oIKquiMtumiMdage-  aoothtf  as  thf  ktVM  of  a  branch. 

Mnta  lUiiMiis  and  pistils ;  that  thoM  And  this  is  the  tnie  basis  of  all  ideas 

whieh  grow  on  the  Mok  of  the  leafas  regarding  the  parts  of  fiructifioation  of 

of Fams aia degenerate ]eaf4Nids ;  and  pfinta.    Itmavindeed  appear  ridicu« 

that  tba  tbaes  of  Moesea  an  of  a  Ions  to  assert  that  the  frmt  of  a  peach 

sisiflar  salor«»  althooi^  in  an  €!•  is  nothing  bat  apeach-leaf  rolled  up 

tremdy  diflnnent  state.     Bo  in  lika  and  thjchenad,  an  apple  only  the  leayes 

maaaer  the  soalea  of  Mosses  mnst  in  a  similar  state,  and  a  grainofwheat 

be  eonsidisrsd  degenerate  leavee ;  the  a  singlelaaf  in  astete  of  degeneration ; 

sUaing  green  honsontal  escpansioos  of  and  yet  we  eipect  to  be  able  to  set  this 

Mawtiantia  adhesions  of  degenerate  matter  befiore  our  readers  in  so  dear  a 

leaTse  to  degenerate  stems ;  while  the  light,  as  to  conTinoe  them  that  such  an 

repiodoetite  organs  of  both  lichens,  assertion,  although  startling,  would  be 

Fongit  and  Aln  are  te  be  reckoned  very  nearhr  true.    This  is  called  the 

adhtSMOs,  aboraons,  and  degenerations  doctrine  of  morphology. 

oC  watt-known  organs,  all  in  one.    We  i  It  has  been  obsenred,  in  a  report 

do  nak  however  nropose  in  this  treatise  made  to  the  British  Association  at 

to  meddle  with  tnis  nart  of  the  subjeet.  their  meeting  at  Cambridge  in  1839, 

otherwise  than  in  the  most  incidental  when  adyerting  to  this  doctrine,  that 

posHUe.  when  those  who  first  seised  upon  the 


important  but  neglected  ftets  out  of 
which  the  modem  theory  of  morpho- 

n^  Am  Vk^nmmii,^  jwrnjrfiiiii  «^  ^^^87  hss  bccn  constructed,  asserted 

^^.JJSrSSfSSr^  tUtdlthe.n»«Hl-«e.ofthe«i.«f 

rmfwvrw^  vr  m%nymnvgif.  ^  pj^^   ^^    mctamwphosed    IcafCS, 

NorwiTHSTAirDiiio  all  that  has  been  more  was  certainly  stated  than  the 

said  ooBceming  the  normal  or  abnormal  cTidence  would  Justiiy;   for  we  can* 

state  of  the  organs  of  plants,  and  the  not  say  that  an  organ  is  a  metamor- 

aMoner  in  which  they  are  sererally  phosea  leaf  which,  in  point  of  Ikct, 

^^fii^B^,  there  still  is  wanting  some  has  never  been  a  leat     What  was 

psineiple  of  comlnnation  bv  which  the  meant,  and  that  which  is  supported  by 

idadon  that  thsyseverallv  bear  to  eadi  the  most  conclusive  evidence,  is,  that 

other  can  be  determineo,  and  conse*  every  appendage  of  the  axis,  whether 

QMBtly  the  existence  of  abortions  or  leaC  bract,  seiMl,  petal,  stamen,  or  car- 

aagBDeratimis,  which  are  in  all  cases  pel,  is  originally  constructed  of  the 

intarfeiencei  with  regularity,  be  da*  same  dements,  arranged  upon  a  com* 

teefedi  men  plan,  and  varying  in  their  manner 

It  does  not  mear  that  the  dd  bota-  of  devdopment,  not  on  account  of  any 

alits^  who  in  iaBt  knew  nothing  what-  original  oiillerence  in  structure,  but  on 

cvaroC  the  theory  of  structure  in  regard  account  of  specid  and  locd  predis- 

la  the  vegetable  kingdom,  ever  sus«  posing  causes  ;ofthis  the  leaf  is  taken 

peeted  that  the  diserent  orsaas  of  as  the  type  because  it  is  -the  organ 

plaato  bore  any  fixed  rdaUon  to  each  which  is  moit  usually  the  result  of  the 

other;  nor  can  it  be  said  that  Linnmns  devdopment  of  thoie  dements;  is  that 

at  aU  understood  this,  however  nesr  he  to  which  the  other  organs  generally 

hsproaahed  to  a  discoverr  of  the  key  revert  when,  firom  any  aoddentd  die- 

in  the  theory.    See  LtwBfy>  IiUro^  turbing  cause,  thejr  do  not  assume  the 

dMdiM  to  Aoiatuft  p.  505.     It  was  appearance  to  which  thev  were  ori- 

Qol^afterthe  poet  Gothe promulgated  ginally  predisposed;  and  moreover, 

tha  dodtine.  that  all  extemd  organst  is  that  m  which  we  have  the  most 

of  whatever  naturSt   are   metamor-  complete   state  of  organiiation.     It 

plMweil  leaver  that  botaniste  gdnsd  might  have  been  added  that  the  leaf 

a  ohM  tqr  which  the  mutud  relations  moreover  can  dways  be  meet  distinctly 

of  plante  codd  be  determined,  and  a  traced  by  insensible  gradations  of  struc* 

flomr  be  proved  to  be  analogous  in  ite  ture  into  all  the  otl^  parts.   Itisthis 

atraetnre  to  a  branch  covered  with  which  we  now  propose  to  prove ;  and 

learea.     Fk  this  grand  discoveiy  of  being  proved,  it  will  show  the  truth  of 

necesdty  led  to  the  condusion,  that  if  the  axiom,  that  aUlA^par/^q/'a/ouwr 

a  fiower  be  really  a  collection  of  meta-  muii  tieeeimmly  be  equal  to  each  other 

mocphoaed  leavei^  and  consequently  in  Humbert   aid  alternate  with  each 

a  hnn^  the  parte  of  a  flower  must  cf  olAsr»  exeepi  in  caaea  qH  tiX^'^^^  ^^ 

neoeisiCshear  the  sameidation  toona  «— *^*^****"*  mmI  ^AKML\c«i. 


60  BOTANY. 

The  course  we  shall  take  is  this ;  we  of  Rose,  and  has  been  seen  by  Bn  Petit 
shall  prove,  1.  The  bract  to  be  a  modifi-  Thouars  in  theTropedluni»by  the  writer 
cation  of  a  leaf;  2.  The  sepal  to  be  a  of  this  in  Sieversia  montana,  and  no- 
modification  of  a  bract ;  3.  The  petal  inerous  other  plants,  and  ma^r  be  dit- 
ofa  sepal;  4. The  stamen  of  a  petal;  covered  by  any  one  who  will  wemnh, 
6.  The  carpel  of  a  leaf;  and  6.  The  diligently  for  it.  The  petal  ii,  there- 
ovnle  of  a  leaf-bud  ;  and  we  shall  then  Ibre,  a  modification  of  a  leaf, 
have  demonstrated  the  whole  of  them  A  stamen  is  less  obviously  like  a 
to  be  modifications  of  leaves.  It  is  leaf  than  any  of  the  preceding  paits. 
also  to  be  remarked  that  if  this  can  be  And  yet  if  we  examine  it  in  the  white 

g roved  of  any  normal  plants,  it  must  Water-lily,  its  relation  to  a  petal,  and 
e  true  of  all  such ;  for  as  their  parts  consequently  to  a  leaf,  is  incontestable, 
are  manifestly  identical  in  nature,  that  In  the  white  Water-lily,  the  innermogt 
which  is  true  of  one  is  necessarily  true  petals  gradually  narrow,  and  beeome 
of  all.  callous  at  the  point ;  their  edm,  alao^ 
It  must  require  but  little  evidence  like  the  point,  become  insensimlT  Td- 
to  convince  the  most  sceptical  reader  low  and  dilated ;  at  last  a  cell  niu  of 
that  a  bract  is  nothing  more  than  an  pollen  is  formed  upon  their  edgea,  and 
imperfectly-forined  leaf.  Examine  it  a  stamen  is  the  result ;  here  it  is  im- 
in  the  Lilac ;  the  most  gradual  transi-  possible  to  distinguish  any  precise  limit 
tions  may  be  seen  from  the  one  to  the  netween  the  pettd  and  the  stamen,  but 
other;  or  examine  it  in  the  Pfleony, the  one  is  clearly  a  modification  of  the 
ivy-leaved  Speedwell,  and  the  common  other ;  the  same  may  be  said  of  theCaro- 
bnar  Rose  (Rosa  canina).  This  being  lina  allspice.  In  double  Roses,  Pseonies, 
established,  it  follows  that  all  modifica-  Tulips,  Anemones,  Ranunculuses,  &Gn 
tions  of  bracts  are  also  imperfect  leaves,  Ul  manner  of  transitions  from  stamens 
and  that,  therefore,  the  involucre  of  an  to  petals  may  be  detected ;  and  in  the 
Umbelliferous,  or  of  a  Ck>mposite,  plant.  Rose  oeiUet  of  the  gardens  in  particular, 
and  the  cup  of  an  acorn  are  also  agg^  it  is  clear  that  the  filament  of  a  stamen 
gations  of  half-grown  leaves.  This  is  answers  to  the  claw,  and  fhe  antiier  to 
step  the  first.  the  limb  of  a  petal,  consequently  the 
The  transition  from  a  bract  to  a  filament  is  a  modification  of  the  pe- 
tepal  is  very  easy.  In  the  Strawberiy,  tiole,  and  the  anther  of  the  blade  of  a 
the  calyx  is  composed  of  five  bracts  leaf.  The  probability  of  this  is  farther 
alternating  with  the  five  sepals,  and  shown  by  the  fact  that  the  two  lobes 
distinguishable  frem  them  in  nothing  of  an  anther  answer  to  the  two  sides 
but  size ;  in  the  Paeony,  the  leaves  in-  of  a  leaf,  and  the  connective  to  the 
sensibly  pass  into  bracts,  and  the  bracts  midrib ;  and  the  fact  is  proved  by  ac- 
into  petals ;  and  in  the  Carolina  All-  cidental  productions,  such  as  occur 
spice  (Calycanthus),  the  same  gradual  now  and  then  in  Umbelliferons  plants, 
transition  is  strikingly  apparent.  Add  where  the  stamens  are  replaced  bj 
to  this,  that  in  the  briar  Rose,  one  of  the  small  leaves  on  long  stalks.  In  special 
sepals  is  always  pinnated  like  the  true  cases  of  deformation,  the  stamens 
leaves  ;  that  in  the  Tulip  the  sepals  become  genuine  leaves,  as  in  the  Sie- 
often  become  half  leaf  and  half  petal ;  versia  above  referred  to.  The  stamen, 
and  that  in  the  Apple,  Pear,  and  nume-  then,  is  a  modification  of  a  lea£ 
rous  other  plants,  a  transformation  of  That'the  catpe/isof  thesamenatuie 
sepals  into  leaves  is  of  common  oc-  is  very  easily  shown,  not  only  by  its 
currence,  and  the  point  that  sepals  also  constant  tendency  to  revert  to  the  form 
are  leaves  may  be  considered  esta-  of  a  leaf,  as  is  seen  in  double  Roses, 
blished.  Anemones,  Ranunculuses,  and  the  like. 
Difference  organically  between  ptf/a/  but  more  particularly  by  the  double 
and  sepal  there  is  none,  as  has  already  Cherry,  in  whose  flowers  Nature  has 
been  shown  (p.  36);  consequently  written  her  laws  in  a  language  so 
what  is  true  of  the  one  is  also  true  of  simple,  and  positive,  that  none  but  the 
the  other,  and  petals  also  are  leaves,  wilfully  blind  can  misunderstand  them. 
We  may  as  well,  however,  add  to  what  In  this  plant  the  centre  of  the  flower 
has  been  stated  in  the  place  referred  is  occupied  by  a  small  green  leaf  (/L?, 
to,  that  petals  will  occasionally  become  77,  a)  stationed  in  the  place  of  the  car- 
leaves,  or  be  half  changed  to  them ;  pel,  and  consisting  of  two  sides  fdded 
the  latter  is  common  in  the  Apple  and  together,  along  with  a  midrib  which 
r/ieftar,  if  a/so  occurs  in  some  varieties  »  loxi^ex  VYiwi  \.\aft  Iwjt  itsdf,  and 
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•lightly  dilftied  at  the  summit.  Upon  bladders  placed  in  a  different  direction 
comparing  several  of  these  leaves  in  from  those  of  the  central  and  lower 
different  states,  with  the  i^erfect  carpel  strata.  The  pulipy  portion  of  the 
of  a  cherry  (Jig.  77,  e),  it  is  obvious  cherry  will  then  arise  fxt>m  these  latter, 
that  the  two  mflected  sides  of  the  leaf  distended  with  fluid  and  altered  in 
answer  to  the  ovaiy,  the  midrib  to  the  colour ;  the  former  phenomenon  occurs 
style,  and  the  dilated  summit  of  the  habitually  in  the  leaves  of  the  House- 
midrib  to  the  stigma ;  and  if  we  com-  leek,  and  of  all  leafy  succulent  plants, 
pare  the  intemalstructure  of  the  ovary  and  t  he  alteration  in  colour  is  ansJogous 
with  a  section  of  the  carpellary  leaf  to  what  happens  to  the  leaves  of  the 
of  the  cherry,  it  will  also  be  oovious  purple  Beech,  the  scarlet  Maple,  black- 
that  the.inside  of  the  ovary  answers  to  fhiited  Vines,  Virginian  creepers,  and 
the  upper  sraface  of  the  leaf,  the  yen-  many  other  well-known  plants,  in  the 
tral  tutme  to  the  line  formed  by  the  autumn,  when  they  have  reached  their 
unkm  of  its  two  edges,  and  that  the  full  maturity  as  leaves.  That  the  car- 
plaeenta  is  merely  an  expansion  of  a  pel  is  a  leaf  is  thus  proved  to  demon- 
portion  of  the  margin.  In  some  stration ;  and  as  all  compound  fruits 
Instanoet  two  carpellary  leaves  occur  arecdllectionsofcarpels,  as  has  already 
in  a  flower  of  the  double  cherry,  as  at  been  stated  (p.  43),  it  follows  that  all 
Jig.  77, 5;  and  then  it  is  found  that  fruits,  of  whatever  kind,  are  modified 

•  K^  99  leaves. 

^  rtg.  77.  jliQ  ]i^  glqj  ^  morphology  is  to 

show  that   ovules,  and  consequently 
seeds,  are  also  alterations  of  leaves.  As 
it  i^pears  from  what  has  just  been  said 
that  ovules  grow  upon  the  margins  of 
a  caipellary  leaf,  there  wiU  at  first  sight 
be  a  difficulty  in  reconciling  such  a 
ftinction  with  the  well-known  &ct  that 
leaves  do  not  in  seneral  bear  anjrthing 
analogous  to  ovmes.    But  although  a 
is  not  a  general  property  of  leaves  to  do 
this,  vet  it  occurs  in  a  sufficient  num-r 
her  of  cases  to  justi^  the  conclusion 
that  it  ma;^  constant^  occur  in  leaves 
whose  ordinaiT  flinctions  are  inter- 
fered with  fay  their  conversion  into  car- 
pels.   In  a  common  Indian  plant  called 
Biyophyllum,  the  leaves  are  capable  of 
ibnmng  younff  plants  in  the  crenelling 
they  are  pkeed  directly  opposite  each    of  their  border;    in  the  rare   little 
other,  the  marnns  being  nearly  in  con-    Malaxis  paludosa  of  our  marshes,  Hens- 
taet ;  so  also  when  by  any  accident  the    low  has  shown  that  bulbs  (t.  e.  buds, 
ehmy  has  two  real  carpels,  they  also    see  p.  13),  are  constantly  formed  at  the 
ooenpy  the  same  position  with  respect   boraer  of  the  leaves;  Ferns  often  root 
to  each  other,  the  ventral  sutures,  and    at  the  segments  of  their  leaves,  in  con- 
conseqoently  the  placentse,  being  con-    seauence  of  buds  beinf  formed  there ; 
timoos  iJIg.  77 1  d).    That  the  carpel    so  that  the  production  of  buds  by  leaves 
of  a  Cherry  is  a  leaf,  admits  then  of  is  not  unknown.    Now  it  is  to  buds,  or 
no  ftuther  doubt,  and  conseouently  a   bulbs,  that  ovules  are  to  be  compared ; 
Cheny  fruit  must  also  be  a  lea£  because    their  integuments  are  to  be  considered 
the  mil  is  nothing  whatever  but  the    rudimentary  leaves,  analogous  to  the 
mature  state  of  i&  carpel.    Nor,  in-    scales  of  a  leaf-bud,  and  they  have 
deed,  are  the  changes  that  take  place    actually  been  seen  by  Henslow,  Ensrel- 
in  the  structure  of  the  Cherry  between*  mann,   and  others,  to   change    into 
its  yomig  and  its  fdll-<rown  state  by   minute  leaves  in  certain  cases  of  mal- 
any  meails  hicompatible  with  the  ana-   ibrmation.    It  is  no  wonder,  then,  that 
ton6eal  structure  of  a  common  leaf,   bulbs  buds,  and  seeds   (or   ripened 
The  stone  of  a  cherry  is  the  hardened    ovules),  should  all  have  a  similar  power 
limng  of  the  fruit ;  it  is  also  the  upper   of  propagating  plants,  considering  that 
stratam  of  Uie  leaf,  which  consists,  as    they  are  all  mere  modifications  of  q^na 
has  been  already  shown  (p.  89),  of  little   common  type. 


<«  fiOTANT. 

It'stillKmaiiiitobepraTedtliiitfhfl  <rat  of  &  flower,  u  hi  nun;  RaMor 

Kales  of  B  leEf'bnd,  to  which  we  have  a  new  flower  chuigb^  to  flvit,  m  is 

said  that  the  inte^mentB  of  an  orale  maltbrmationi  of  the  peu. 

*re  analcffiovu,  lure  themtelvn  modifled  These  pHncipIei  b^g  utabliihe^ 

leaves.    It  is  true  that,  if  we  oomMte  they  an  necenarily  Mowed  bjoertwn 

the  hard  ihining  retinoni  acalet  ortha  remits,  which  fbrm  the  h>^  of  the 

Tacamahie  poplar,  or  Iha  brown  woolly  pruent  tbeoty  of  floral  itmctnn ;  aad 

aeales  of  the  tcarlet  HorM-ehe«tnuT,  which  may  be  conridered  to  have  WOh 

with  the  leave!  of  those  trees,  we  shall  dnced  more  to  improre  our  knowledge 

beat  a  loss  to  discover  any  teterablance  of  botany  than  an^  other  dreniiBtanee 

between  them;  yet  trr  watdiing  them  that  has  oeconed  in  itf  whole  tuetoiy. 

in  their  growth  in  uie  tpiing,  when  TlieM  retnlta  are  ;— 

the  leaves  are  first  nnlblding,  we  ahall  I.  T^at  each  tenet  (ffjhral  entf 

make  out  their  identity  in  the  clearett  lope*  muti  normidhf  aUtrnaio  teitA  Ool 

manner.  Take.fiirinitanceitheseariet  miehpreeeded it. 

Hone-chestnut,  or  the  Sycamore.    Ai  8.  natthetHimber  t^parttiM  aterw 

won  as  the  buds  are  unloosened  1^  the  teria* mutl  be  tqval  lo,ora  imcMjiXe  of, 

movement  of  the  vital  principle  within  U«  laatber  ofpartt  in  AaJIrtt  or  omier 

them,  the  outer  scales,  which  are  dry  ttriei.   And 

and  dead,  are  i^edually  tbreed  asunder  3.   TAo/  all  eteeption*  are  otMg 

by  others,  which,  although  like  them  nther  to  miJliptiealiaa,  abortiom,  or 

In  form,  still   maintain  thrir  living;  adhetion  qfparlt. 

ftmtTt ;  of  these  latter  tba  most  ezt»-  A  few  wordi  only  ars  neoessaiy  to 

lior  lengthen  a  little,  becoming  green  demonstrate  this, 

■t  their  base,  hot  remalnfaic  aeuHlke  That  eveiv  series  in  »  flower  most 

at  their  prant ;  those  next  within  them  necessarily  altemate  with  that  which 

become  greener,  and  have  no  bardoest  precedes  it,  that  is  to  say,  that  peUls 

at  the  eml,  otherwise  resembling  them  I  must  alternate  with  k^Im,  itamms 

the  next  that  are  (bnaed  prMnce  a  with  petals,  and  carpels  with  atameiu, 

IittIelearattheirpoiiite,andtneiaadTef  asis  well  shown  in  the hooseledc,  is 

contract    into  «  narrower    compaM,  fbunded  upon  the  necessary  alterna- 

resembling  a  petiole ;  finally  a  greater  tions  of  leaves  when  placed  in  whorls, 

degree  of  contraction  at  the  base  and  as  is  explained  at  p.  82,  to  which  the 

of  expansion  at  the  jwint  is  produced,  reader  is  referred, 

and  a  perfi:ct  leaf  is  the  result.    By  That  the  number  of  parts  in  each 

this  means  we  are  able  thus  to  trace  in  series  must  be  the  multiple  or  equal  of 

the  clearest  manner  the  identitv  in  the  number  in  the  outer  series,  is  a 

nature  between  the  scales  of  leaf-buds  necessaiv  consequence  of  tha  Uat  rule, 

and    leaves    themselves,    and    conse-  That  it  may,  however,  tie  interfered 

Suently  to  show  that  the  former  are  a  with  by  such  causes  as  multiplication, 

tunted  form  of  the  latter.  abortioti,oradhesion,maybeeftsi1ycan- 

Thus  by  a  process  of  reasoninr,  ud  ceived,  and  will  be  as  easily  understood 

of  demonstration,  in  which  no  nllacy  by  a  few  examples.    First,  as  to  mtdti- 

can  be  involved,  and  in  which  not  a  plieation:  a  ChenrCJ^.  79,  a)  hua 

■ingle  flaw  is  to  be  ptunted  out,  we  are  calyx  composed  of  .^  sepals,  a  corolla 

able  to  show  that  all  the  parts  of  a  of  five  petals,  and  twenty  stamens; 

flower  are  modified  leaves,  analogous  here  four  rows  of  stamens  are  con- 
to    modifications  of   another    nature, 

which  exist  in  the  form  of  scales  of  a  Fig.  7S. 


leaf-bud.    Consequently  a  Jhwer  it  a 
collection  of  leavet  plated  in  whorlt. 


and  Iher^/bre  it  a  branch  with  a  ihort 

axit.    This  explains  how  it  happens 

that  one  flower  will  (jrow  out  of  another ; 

how  monstrous  Pears  are  formed,  in 

which  tier  upon  tier  of  fruit  rise,  from 

a  common  stalk ;  for  as  the  parts  of  a 

flower  are  leaves,  they  must  nave,  like 

leaves,  the  power  of  forming  buds  in 

their  axils;  generally  they  do  not  form     «dered  to  be  present,  all,   however, 

them,  but  if  they  do,  the  result  may     blended  into  one  whorl  by  the  elose- 

eilher  be  a  common  branch  grawiitg    aesa  of  their  origin.    A  SqidU  (^.78, 


fi}  hu  ihrea  sepBis,  Ihrea  petali,  and 
jtor  aUuiuna ;  (hat  u,  two  rows  of  the 
ktter,  the  fint  of  which  altenwtu  with 
the  pttda,  and  the  Mcood  with  the 
flnt  Thii  will  be  at  onee  obrioua  it, 
111  the  above  and  nioceeding  diagrami, 
the  outer  circle  ii'coiuideiid  m  ealyx, 
the  next  as  oondla,  the  Ibllowiii^  ae 
atameni,  and  the  centre  of  all  a>  putil ; 
the  black  doti  ae  indicating  the  poel- 
tkm  of  atgtoB,  which  are  preieut  in 
a  pnfect  itate,  and  the  white  dote 
thoae  which  are  abortire. 

Secondlvi  a«  to  a&ortiou  .•  a  Sage 
flower  (SalTia)  hai  a  calyx  of  jIm  lepiJa, 
a  eortdla,  whuh,  however  irregular,  ia 
made  up  of  Jlw  petab,  and  only  tuo 
atanma  (Jig.  79,  a) ;  here  three  ita- 
mens  an  abortive  j  and  upon  looking 
attentively  at  the  iniide  of  the  tnba  of 
the  coraUa,  two  little  scalei  are  often 
to  be  aacn  grawing  alternately  with  the 
petals  etactly  in  the  place  where  the 
etameni  themaelvca  ihould  uonnaUy 
have  appeared;  two  of  lucb  acalea 
M*  very  often  in  other  genera,  other- 


make*  iti  appearance,  ertctly  where  it 
ahould  normally  be  found.  In  the 
Frimnne  the  atamena  are  equal  in 
number  to  the  petala,  but  opponta 
them  (/g.  79,  e) ;  in  thi*  caae  toe  fitat 
row  of  Mamena  ii  abortive,  and  the 
aeeond,  which  ia  the  onl^  one  that 
developeaiiainitatruepoaition;  while 
in  Samolua,  a  plant  oiherwiu  formed 
upon  the  aame  plan  aa  the  Frimroae, 
five  aoalea,  wnich  are  degenerate 
atamena,  appear  in  the  aituation  of  the 
first  row  (kg.  79,  d).  In  the  cenua 
Bauhinia  th^  are  species  in  i^ich, 
out  of  ten  atamena  five  only  are  perfect, 
or  even  a  smaller  number  (^.  79, «/) ; 
the  other  parta  remuning  in  a  noimal 
conation.  In  the  earpels,  deviation 
Ihnn  the  true  number,  in  conaequence 
-    •^"  '     "'    ment, ia  io 


tiona  finm  normal  atrueture  take  plaee. 
A  p^lionaeeoQB  flower  conaiata  of 
Ave  petaU  (p.  3S) ;  the  calyx  thonld, 
therefore,  conaiat  of  five  aepala ;  but 
in  the  Lupne,  and  many  others,  only 
two  aepala  are  diicoverable.  In  reality 
there  are  five,  although  they  are  so 
eomlrined  that  their  true  number  ia  in- 
visible ;.  two  uniting  into  an  upper  and 
three  into  a  lower  hp  of  the  calyx 
(Jig.  80);  uid  in  like  manner  petals 
.JKg.BO.  , 


adhere  till  their  true  number  ia  lost 
u^t  of,  ai  in  the  white  Dead-nettle, 
the  calyx  of  many  Labiate  plants,  and 
a  host  of  other  thinga. 

"nie  reader  may,  however,  be  assured, 
that  in  all  such  casea  the  nonnal  pro- 
portions are  easily  discovenble,  and 
that  the  laws  deduced  from  auch  mor- 
wiae  cooatmcted  exactly  like  the  Sage,  phologieal  considerations  as  thoae 
developed  u  perfect  stamens  (Jig.  79,  which  have  been  explained,  are  fixed 
b)i  Bod  in  some  othera  even  the  fifth    and  immutable. 


In  Bfrictness  it  is  in  fhU  division  of  our  subject  that  we  ought  to  treat  ot 
the  structure  or  what  are  called  the  elementary  organs  of  plants,  to  which 
ve  ha,ve  already  alluded  under  the  name  of  bladders,  iur-vessels,  &c.  But 
U  they  may  be  considered  the  springs  by  whose  united  forces  the  functions 
of  vegetation  are  exclusively  regulated,  and  as  it  is  through  their  agency  that 
the  powers  of  earth,  air,  and  light  are  brought  to  bear  upon  the  living  system 
of  ft  plant,  and  to  produce  all  those  curious  phenomena  of  which  we  shall 
have  to  speak  almost  immediately  under  Physiology,  we  believe  the  plan 
of  thia  treatise  will  be  best  preserved  by  deferring  an  explanation  of  the 
elementary  organs  till  the  appearance  of  the  next  part  of  our  undertaking. 
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Pam  IL-PHYiiowoY.  i  l.-Cellutar  Tmue. 

The  most  important   and  the  most 

Craptbr  I.  common  of  the  elementary  organs  is 

y  the  Elementary  Organs;  CeUular  {^i-i-ulah,  or,  as  the  French  better  call 

JHeeue;    fVoody  Jiiue:   Vaecular  !*:    '''t'''^^>'',u™?*K"- r  ♦^^'iSm  ''"J 

Tieeue  through,  as  m  the  pith  of  the  Elder,  it 

appears  something   like  line   honey- 

iiLTBOUOR  plants   are    furnished,  as  comb,    the  sides   of  whose   cavities, 

lua  now  been  seen,  with  many  differ-  although  resembling  a  hexagon,  are 

mt  organi,  by  means  of  which  the  nevertheless  exceedingly  irregular.    If 

rarious  actions  of  their  life  are  jier-  a  portion  of  it  is  put  into  water  and 

rormed,  yet  it  would  be  physically  im-  looked  at  by  transmitted  light,  it  will 

possible  for   those   organs   to   adapt  be  found  nearl}r  colourless  and  trans- 

themselves  to  the  numerous  atmosphe-  parent ;  and  if  it  be  boiled  (br  a  short 

rical   and  other  conditions  to  which  time  in  water,  having  a  small  quantity 

they  are  exposed,  and  to  feed,  breathe,  of  potash  dissolved  in  it,  it  may  be 

digest,  or  grow,  deprived  as  they  are  of  easily  rubbed  between  the  fingers  into 

everything  like  the  voluntary  powers  exceedingly  minute  bladders.    It  was 

of  amman.  if  it  were  not  for  certain  these  bladders,  or  veeidee,  the  sides  of 

small  but  highly  organised  parts,  of  which,  when  cut  through,  caused  the 

which  they,  and   all  the  organs   of  honeycomb-like  appearance  that  was 

which   they  consist,    are   composed,  first  seen.    In  their  natural  state,  thev 

These  parts,  the  minuteness  of  which  adhere  firmly  to  each  other ;  biit  boif- 

ii  such  as  to  escape  the  observatk>n  ing  in  a  solution  of  potash  destroys 

except  when  aided  oy  powerfVil  micro-  their  adhesion  and  sets  them  free.  The 

scopes,  by  adhering  to  one  another  in  pulp  of  a  Strawberry,  in  like  manner, 

particular  directions,   now  spreading  consists  of  cellular  tissue ;  but  instead 

mto  thin  plates,  now  accumulating  in  of  being  empty,  as  in  the  Elder,  each 

solids  of  various  forms,  constitute  the  little  bladder  is  filled  with  coloured 

stem,  and  root,  the  leaves  and  all  that  fluid  :    in  this  instance  the  cells  or 

\o  them  appertain,  and,  consequently,  bladders  adhere  so  loosely  that  they 

the  flowers,  fruit,  and  seed  of  plants,  may  l>e  separated  by  merely  rubbing 

which  thus  are  to  be  considered  masses  the  pulp  gently  in  water.    In  half-dry 

of  a  highly  curious  mechanism,  endued  fhuts,  like  the  Jujube,  the  mealy  mat- 

with  the  vital  principle.  ter  in  the  inside  of  the  dried  pods  of 

Such  minute  parts,  being  the  orga-  the  Tamarind,  or  the  Carob  bean,  the 
nic  elements  of  plants,  receive  the  cells  separate  spontaneously.  Cellular 
name  of  elementary  organs.  They  may  tissue  is  composed,  then,  of  cellules  or 
be  described  as  being  closed  sacs,  little  bladders  in  a  state  of  adhesion ; 
formed  of  an  exceedingly  thin  trans-  and  every  partition  in  a  mass  of  cellu- 
parent  membrane,  ancf  assuming  dif-  lar  tissue  must  lie  double,  because  it 
ferent  forms,  according  to  the  duties  consists  of  the  two  united  sides  of  two 
they  may  have  to  perform,  now  thick-  cellules  in  contact. 
ening  at  their  sides,  now  lengthening.  Cellular  tissue  is  most  commonly 
now  forming  a  spiral  thread  in  theur  composed  of  an  exceedingly  fine  trans- 
interior,  from  which  they  gain  elas-  parent  membrane;  but  this  latter,  in 
ticity,  extensibility,  and  a  certain  de-  some  cases,  as  on  the  outside  of  leaves, 
gree  of  impermeability.  or  in  the  bony  parts  of  fruits,  becomes 

The   mode  of  illustration  adopted  so  extremely  thick,  that  its  very  cavity 

in  this  treatise  being  by  no  means  is  dosed  up.    In  either  case,  it  appears 

ikvourable  to  the  representation  of  the  to  the  eye,  even  when  aided  by  the 

appearance  of  such  organs  as  these,  most  powerful  magnifying  glasses,  to 

they  will  be  treated  of  very  concisely ;  be  perfectly  homogeneous,  without  a 

especially  as  the  most  ^neral  notion  trace  of  lines,  or  holes,  or  nettings,  or 

of  their  nature  is  sufficient  to  enable  of  anything  of  the  sort ;  but,  as  it  has 

the  botanist  to  understand  their  mode  l)een  shown  by  Lindley  to  tear  with  a 

of  action,  provided  his  notron  is  aecu-  ragged  edge  (Introduction  to  Botany^ 

rate  as  far  as  it  goes;  all  beyond  gene-  p.  3, 1. 1,  f.  6),  there  can  be  little  doubt 

ral  statements  belongs  to  Vegetable  that  its  ultimate  molecules    are   ar- 

Anatomy,  of  which  we  have  no  inten-  ranged  in  such  an  OTd«t«\Vv^^-^^^^l  ^* 

tion  to  treat  in  detail*  here  more  fofcWAv  Va  on^  ^x^Ni^xv. 
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than  in  another;  and  this  is  rendered  sented  at  page  29,  Jig-  3^ :  *^»  >"? 
the  more  probable  by  the  tendency  in  lome  measura  ari*e  finm  the  un- 
which  this  kind  of  tisiue  has  to  slit  equal  pressure  of  air  upon  them  at  the 
and  tear  in  a  definite  manner  nhen  time  of  their  development ;  but  it  ii 
atretched,  after  being  full-grown.  An  chiefly  an  optical  deception,  the  lobe» 
infinite  variety  of  forma,  in  which  this  beinji  nothing  more  ttian  cells  grawn 
takea  place,  has  been  remarked  by  in^idarly  together. 
Purkinje,  in  the  lining  of  antheri.  and 

elsewhere.— (Sw  iAe  aonie  WW*,  p.  10,  i*-  o. 

pUte  2V 

In  sixe,  the  cellules  of  cellular  tisaue  ,.  _ 
Tary  from  the  .^  to  ^^  of  an  inch. 
In  some  Fungi  ttiey  are  so  small,  that 
it  has  been  calculated  that  a  sphere  of 
the  aiie  of  a  large  Oourd  will  contain 
forty-seven  million  tnillioni ;  a  nunt' 
ber  so  lai^  that  it  is  difficult  for  the 
mind  to  comprehend  it  without  some- 
thing to  compare  it  with :  it  will  be 
more  intelligible  if  it  is  mnembered 
that  if  all  the  cellules  of  such  a  gourd 
are  arranged  side  by  side,  and  two 
hundred  of  them  covered  an  inch, 
which  is  about  their  computed  siie, 
they  would  extend  rather  more  than 
nine  hundred  miles. 

The  primitive  form  of  a  bladder  of 
cellular  tissue  is  supposed  to  be  the 
dodecahedron,  and  it  is  thought  that 
alt  other  forms  are  produced  1^  exten- 
■ion  or  compression.    If,  for  mstance, 
the  two  poles  of  such  a  solid  were  to 
be  extended,  a  spindle-shaped  bladder, 
or  a  prism,  or  even  a  cylmder,  might 
be  the  result ;  if,  on  the  contrary,  its 
sides  were  pressed  together,  it  might 
become  a  thin  disc ;  and  if  bi)th  ex- 
tension and  compression  act  simulta- 
neously, other  forms  might  be  the  re- 
sult.   Thus  we  find,  when  the  cells  of  j  ' 
'  plants  are  formed  in  a  nearly  unresist- 
ing, or  in  an  equally  resisting  medium.        The  kinds  of  cellular  tissue  which 
they  assume  most  nearly  the  form  of    have  now  been  described  however  dif- 
some  rep:ular  sphenud,  as  in  the  pith    terent  from  one  another   are  nevertbe- 
and    the  pulp  of  leaves    and  fruits,    less  very  obviously  slight  modtficatioBi 
When  they  are    generated   in   parti    of  one  primitive  type ;  bendea  these, 
growing  with  great  rapidity  in  some    there  are  others  which  are  leaa  eaMlf 
particular  direction,  as  in  the  succu-    reducible  to  it.    These  are/&n>-MCM- 
lent  Btems  of  many  herbaceous  plants,    branmu  and   flbrout,  and   what  are 
the  stalks  of  leaves,  &c.,  they  assume    called  dotted  duett, 
aprismatical  or  cylindrical  form  ;  and        Fibro-membranout   (or    nticulalfd) 
when  they  are  jammed  firmly  between    cMular  tittue  i^^.  82,  b)  ii 
harder  bodies,  as  in  the  medullary  pro-    cellular  " 
cesses,  they  become  thin  plates.    This    ratedin 

ill  I larticuUrly  conspicuous  in  the  me-  It  has  noelastidty.nor  anyttuDg.aiftr 
dullary  processes,  the  cellular  tissue  of  as  we  know,  to  distinguish  it.  vxeept 
which  is  called  inur^onn.lKcause.con-  this  circumstance  ;  its  moat  Uiual  tila- 
aisting  of  regular  thin  parallelograms,  it  tion  is  in  the  skin  of  seeds,  in  some  of 
looks  as  if  built  up  with  bricks,  as  the  the  winged  kinds  of  which  it  is  a 
wall  of  a  house  is  (/f .  89).  In  some  moat  beautiful  abject,  as  in  those  of 
cases,  as  in  the  inside  of  leaves,  the  Eccremocarpus  scaber;  it  conatitutes 
ceiiuies  Jook  as  if  lohedi  as  ia  repre-    the  entire  plant  of  the  moas  ^bag- 


M  82,  6) 

ir  tissue,  with  a  spiral  fltira  nne- 

n  the  inside  of  each  cell  or  blMler. 


onni  the  lubes  c&lled  elateri, 
IS  of  which  the  Hpores  of  Jun- 
ilfta  ire  diipened :  and  ii  met 
CMionftllr  in  the  inside  of  th« 
r  nmnjr  pUnts.  The  puticulKr 
til  tissue  is  unhnown. 
Pig.  ii. 


M,  e§Uutar  titius  is  tnon  un- 
1 1  it  is  formed  by  a  tbn  eithor 

■pbilly,  or  4mnged  im^n- 
tiimlmti/ numbraiu ;  t>y«hieh 
tUM  it  is  JmmediKtely  known 

other  elenwntu^  organs.    la 

5o(  the  ftnther  it  is  verv  corn- 
it  also  exists  upon  tne  nir- 

ceitain  seeds,  which,  when 
id,  beoome  covered  with  muci- 
:h  u  Wild  Clu7  (Balvis  Verbe- 
id  CoUomia  Uoearis  (Jig.  82,  a). 
1  of  this  Utter  be  plued  under 
leope  in  wster,  it  will,  in  &  few 
s^  project  from  its  surlkcc  sn 
!    multitude    of    little    spiral 

which  expand  in  the  water 
inmd  the  seed  like  a  coating  of 
t  delicate  gauie.  Thisapjwar- 
produced  by  the  liberatioa  of 
I  of  fibrous  tissue,  which  are 

3  in  consequence  of  the  hard 
e  amonftst  which  they  lie  being 
.  and  dart  forward  into  tba 
mbient  fluid,  like  so  many 
iral  spring*  liberated  by  the 

of  a  weight  which  confined 
or  this  kind  of  tissue  the  use 

4  Duct*  (Jtt.  83,  a)  are  Ibnned 
of  short  eyhndrical  cells,  )^aced 


Pig.aa. 


mi,  BO  Rs  to  constitute  slender 
I,  eKttnding  the  wtiolt  length  of 
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many  stems.  These  cylinders  are  mor* 
or  less  oblique  at  their  extremities,  and 
are  always  marked  with  rows  of  dots, 
which  appear  to  be  grains  of  green 
amylaeeous  matter ;  at  first,  the  ends 
of  the  eylindars  are  imperforate,  and, 
eonseqoently,  each  column  is  com- 
posed of  a  Taiit  number  of  closed  cavi- 
Qcs ;  but.  after  a  time,  the  ends  of  the 
(rflinders  are  torn  open,  and  the  cavi- 
ties eommunieatfl  fteely  with  each 
other,  eo  H  to  fbna  a  tube  At  the 
plaeet  whera  the  short  cylinders  iam, 
obllqne  lines  are  seen  extemallv,  wnieh 
are  oaused  t>y  the  junction  of  the  cyltn- 
den,  and  being  usually  more  or  less 
obliqu^  they  give  the  dotted  duct 
something  the  appearance  of  a  modifl- 
oation  of  the  spual  T«ssel:  hence  it 
baa  osuallybeen  reftmd  to  vascular 
tissue.  It  is,  howerer,  qiUte  cert^n, 
ttma  the  inquiries  of  modem  obsemi^ 
that  iias,  in  bet,  snch  a  modifieattoo 
of  cellular  tiesue  as  we  have  described. 
Much  uncertainty  exists  as  to  its  nal 
office ;  it  appears,  when  first  fonnad,  to 


nuea  wiin  nuin  ai  ine  ume  wnen  vne 
sap  is  most  rapidly  in  motion ;  aod 
afnrwatds  it  again  becomes  empty. 
It  is  exoInsiTely  found  in  the  wood,  of 
which  it  is  one  of  the  parts  most  early 
formed.    When  you  look  at  a  trans- 


give  those  woods  a  porous  appearance 
are  the  months  of  dotted  ducts.  They 
are  unknown  inConiforous  trees,  are 
unfreqnent  in  herbaceous  stems,  but 
may  be  found  with  great  facility  in 
ttiin  slices  of  the  wood  of  beech  or  oak. 
Cellular  tissue,  of  the  common  kind, 
bears  the  same  relation  to  (he  vege- 
table as  Hesh  to  the  animal  &ame.  It 
is  the  basis  of  every  part  of  which  « 

Slant  oonsists ;  and  very  often,  as  in 
[osses  and  the  lower  tribes  of  vegeta- 
tion, it  is  the  only  kind  of  tissue  that 
is  (brmed.  In  trees,  and  other  woody 
plants,  it  constitutes  exclusively  the 
pith,  the  parenchynut  of  the  leaves,  the  - 
sepals,  petals,  stamens  and  carpels,  the 
cuticle,  the  stigma,  and  the  ovules ;  in 
Exogens  it  forms  the  medullary  pro- 
omses,  and  the  principal  part  of  tha 
bark;  in  Endogensit  constitutes  the 
whole  of  the  spongy  substance  in  the 
interior  of  their  stems.  It  is  absent 
only  from  the  plates  of  pure  woody 
matter  of  the  stem,  aodttomVYiv-^vna 
of  le»vei,  B«.,  wWw^i,  ■oi  ■»^\i,  w* 
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an  emanation  of  the  woody  system,  only  that  the  mural  cellular  tissue  b 

iSee  page  21.)  destined  to  convey  the  secretions. 

Cellular  tissue  is  supi^ed  to   be        Further,  the  sacs  of  cellular  tissue 

capable  of  performing,  hy  itself,  all  the  being  the  sole  recipients  of  the  sap  of 

more  important  of  the  vital  actions  of  plants,  properly  so  called,  are  the  parts 

vegetation;  because  there  are  many  m  which  all  the  elabcnation  oi  the 

Slants  which  live,  grow,  and  propagate  fluid  matter  of  vegetation  takes  place ; 
iiemselves,  wiUiout  possessing  any  it  is  in  them  that  the  crude  sap  is  de- 
other  kind  of  tissue,  when  combined  posited,  in  order  to  receive  the  influ- 
with  other  forms  it  has,  however,  cer-  ence  of  li^ht  and  air ;  it  is  in  them 
tain  objects  in  particular,  for  which  it  that  it  thickens  by  evaporation^  and 
is  destined.  One  of  its  greatest  func-  that  it  assimilates  the  various  fluid 
tions  is  to  absorb  moisture  or  gaseous  substances  that  are  mixed  in  it ;  it  is 
matter,  and  to  part  with  it  again,  act-  exclusively  in  the  sacs  of  odlular  tissue 
ing  as  a  sort  of  Uvin^  Alter.  If  you  that  the  pen;>etual  deoompoaition  of 
place  a  slice  of  Elder-pith  upon  a  glass,  carbonic  acid  is  going  on,  l^  means  of 
and  allow  it  to  communicate  by  ever  which  the  carbon  of  tne  atoioephere  it 
•0  smfldl  a  space  with  water,  the  whole  refixed  and  restored  to  the  material 
mass  will  be  speedily  saturated ;  and,  substances  of  the  earth ;  and»  Anally, 
on  the  other  hand,  it  will  as  speedily  it  is  by  the  same  power  of  transmis- 
part  with  its  water  if  exposed  to  a  dry  sion,  of  which  we  have  alreaiihr  spoken, 
atmosphere ;  not  always,  however ;  for  that  the  juices,  altered  and  elaborstoi 
in  some  cases,  such  as  succulent  plants,  till  they  nave  acquired  the  ptopertici 
it  parts  with  water  very  slowly ;  it,  peculiar  to  each  species,  are  eonrcyed 
however,  does  lose  it  by  evaporation  from  the  vegetable  stomachs,  as  leaves 
through  its  membranous  sides.  The  may  be  called,  to  the  bailc,  stem,  and 
latter,  then,  are  eminently  hygrome-  root. 

trical,  and  as  they  permit  mere  water  to       Cellular  tissue  is  moreover  the  mnd 

pass  through  them  readily,  we  must  agent,  by  means  of  which  many  ofwhat 

suppose  them  to  be  pierced  with  holes,  may  be  termed  the  mechanical  fiKces 

altnough  the  latter  are  so  Ane,  that  of  plants  are  exerted.     I  ^  A>r  instance, 

the  most  powerful  microscopes  that  there  are  two  parts  to  be  torn  asunder 

have  yet  been  invented  have  failed  to  by  contraction,  as  in  the  valves  of  the 

detect  them  *.  anther,  it  is  by  the  shrinking  of  cellu- 

Having  the  power  of  absorption  in  lar  tissue  that  it  is  effected;  or  if  one 

this  high  degree,  cellular  tissue  will  part  is  to  be  burst  by  the  swelling  of 

consequently  be  well  adapted  for  trans-  another,  as  the  Spirting  Cucumber,  it  is 

mitting  the  fluids  of  plants  from  place  to  the  same  kind  of  tissue  that  this 

to  place ;  and  accordingly  we  And  it  office  is  entrusted  by  nature.     In  Ane, 

evidently  performing  this  office  where-  it  is  the  most  delicate,  the  most  coarse, 

ever  a  very  rapid  transmission  is  not  the  most  universal,  the  most  pliable, 

required.    Being  in  many  cases  com-  and  the  most  energetic  of  all  tne  ele- 

posed  of  sacs  of  a  spheroidal  shape,  it  mentary  organs  of  vegetation, 
can  allow  fluids  to  pass  indifferently,  in  *         rxr     .    «,. 

whatever  direction  a  highei^propelling  i  l.—Woody  Tissue. 

force  may  exert  itself ;  or  when  the       This,*  which   is   also  called  woodi§ 

sacs  have  an  elongated  figure,  it  will  fibre,  consisU  of  thick-sided  tranapa- 

then  serve  to  conduct  the  juices  in  the  rent  tubes,  terminated  at  each  end  in 

direction  of  the  greatest  diameter  of  a  conical  manner,  and  applied  to  one 

the  sacs.    Thus,  in  pith,  there  is  no  another  in  considerable  numbers,  so  as 

particular  direction  in  which  the  sap  to  form  bundles  of  great  strength  and 

IS  conducted,  but  it  is  conveyed  by  the  elasticity.    It  is  by  some  considered  a 

spheroidal  sacs  of  that  part  to  what-  mere  form  of  cellular  tissue ;  but  it 

ever  portion  of  the  contiguous  tissue  it  differs  most  essentially  ftrom  that  in 

IS  required  to  feed  ;  in  the  medullary  three  important  circumstances— firstly, 

processes,  on  the  contrary,  in  which  in  its  toughness ;  secondly,  in  its  very 

the  cells  are  flat  parallelograms,  with  great  length  ;  and  thirdly,  in  its  taper- 

their  pnncipal  axes  directed  from  the  ing  extremities.    Cellular  tissue,  when 

bark  to  the  pith,  it  is  in  that  direction  much  elongated,  usually  forms  trun- 

•  The  old  opinioni  I     th  f  ^^*®^  Cylinders,  as  in  Cotton,  which  is 

Ti.ibie  pores  \l  the  iidM" oVwifuUr* fiMSe^^e^e  *  ^^^  illustration  of  it  in  a  lengthened 

tfrron.  State;    when  thick-sided  it  is  rai^ly 


[1i  mnd  elutic  ;  and  the  longnt  spe- 
■n>  of  tubular  cellular  tiutie  &re 
ier  than  the  shortest  apeciniens  of 
dj;  fibra.  The  Utter  it  htlle  subject 
Kiiation,  except  in  calibTe,  in  which 
met  it  is  found  between  X  ^nd  4i  of 
Dch :  how  slender  its  tubes  usually 
may  be  understood  from  thi*.  that 
cnp,  which  is  a  preparation  of  the 
d^  tissue  of  the  Hemp-plant,  it  ii 
times  finpt  than  a  human  hair; 
1  of  the  filaments  into  which  this 
ttance  is  mechanically  divided  be- 

t»ing  twisted  into  thread,  con- 
ing of  a  considerable  number  of 
n  of  woodjr  tissue. 
t  ■  in  Coniferous  plants  chiefly  that 
moit  important  of  its  modifications 
an.    In  these  plants,  the  sides  of 

tubei,  which  are  of  considenble 
BMtcr  Ihr  this  kind  of  tissue,  are 
rkad  with  lar^e  oval  glands,  which 
placed  cither  in  single  or  in  double 
1  which  appear  as  if  they  '    ' 
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eavonred  to  show  that  these  glands 
shallow  depressions  or  opening*  from 
tube  to  another,  as  is  represented 
tg.  S4,  e— the  central  pimple  being 
cality  a  pon ;  and  he  represents  the 
learance  of  sections  of  such  parta  in 
aidenble  detail ;  tnit  a*  no  one '  h^ 
hi>  country  tieen  yet  able  to  deieot 
it  this  botanist  represents,  even 
m  assisted  by  the  finest  instm- 
ita,  we  mutt  be  permitted  to  doubt 
Bther  he  has  not  been  misled  by 
Mrlcct  c^Menralions ;  especially  as 
re  is  no  such  thing,  in  fict,  as  vi- 
le pores  in  any  kind  of  tissoa,  as  far 
US  yet  been  detected.  What  makes 
mAUat  tPood^JUm  more  remarkable 
n  it  otherwise  would  be,  is  its  ez- 
riveoccurience  in  Comferons  plants, 
I  fenera  related  to  them  ;  on  which 
onat  it  hae  been  found  of  conuder- 
e  isipartaDce  ia  determining  the 
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real  nature  of  many  mineralif ed  trunks 
found  imbedded  in  the  early  strata  of 
the  earth.  The  reader,  who  would  like 
to  obtain  a  clear  view  cj  it,  has  nothing 
mora  to  do  than  to  take  a  thin  shavinK 
of  a  piece  of  Pine-wood,  such  as  a  car- 
penter's plane  will  produce,  and  to 
place  it  in  water,  beneath  a  microscope 
that  will  magnily  about  fifty  diameters. 
The  great  use  of  woody-fibre  is  to  give 
stren^h  to  every  pert,  and  to  protect 
certain  of  the  more  dehcate  organs :  it 
may  be  considered  at  once  the  bones  and 
sinews  of  vegetation.  If  it  were  not  ftff 
it,  the  stem  of  a  Willow  would  be  as 
brittle  as  that  of  a  Mushroom ;  but  lying 
as  it  does  across  the  cellular  tissue,  it 
binds  it  together,  and  renders  all  the 
parts  tongh  by  means  of  its  own  elasti- 
city and  strength.  It  occurs  in  the 
wood,  of  whose  plates  or  bundln  it 
oonsUtutea  the  principal  part ;  in  the 
bark,  in  smaller  quantity ;  in  the  stalki 
and  veins  of  leaves,  and  in  the  husk  of 
fruits.  Inthelatterpontionsit  fomisft 
sheath  to  the  vascular  tissue  </^.  86,  e), 
rendering  the  latter  at  once  flexible  and 
pratected  from  iniury.  It  appears 
highly  probable,  that  in  addition  to 
these  properties,  woody  fibre  has  the 
office  of  conveying  fiiuaa  in  certain  di- 
rections ;  as,  for  example,  up  the  stem 
from  the  rooU,  along  the  veins  fhim  tha 
stem,  and  down  the  berk  fh>m  the 
leavaa.  It  ij  tme  that,  trota  the  impoe- 
sibilit^ofaotually  observing  themarob 
of  fluida  in  parts  so  minute  and  easily 
injured  as  vegetable  tissue,  no  one  has 
been  aUe  to  demonstrate  this ;  yet  one 
can  hwdly  doubt  that  such  is  really 
its  function,  when  we  connder  how  ra- 
pidly the  sap  flows  up  the  stem  of  a 
bee,  which  connsts  cMefly  of  woody 
fibre;  and  that,  when  coloured  infU- 
siooa  are  compeUed  to  enter  the  system 
of  a  plant,  they  are  uniformly  found  to 
pas*  to  the  very  extremity  of  the  veins, 
whither  it  would  seem  impossible  that 
they  shonld  be  conveyed,  except  by 
means  of  woody  fibre. 

i  3.—V<uettlar  Tittue. 

Under  this  head  is  oomprehended 
every  form  of  tissue  which  does  not  be- 
long to  the  cellular  and  the  woody. 
The  ^pe  of  it  may  be  considered  the 
tpirat  vtitel,  fhnn  which  the  other 
forms  probably  are  deviations  produced 
by  accidental  circumstances. 

A  spiral  vesael  Iflg.  Si,  a)  \i  a.  c^\>.%- 
der,  t  apehng  to  ii  eonft  eX  vaf;^^  «n&,  cATOr- 


the  intide  of  which  o&e  or  more  fibrei    tenniutioiu  SKd  the  true  poaitun  of 
an  rolled  In  ft  ipirtl  manner,  (ocloMly    their  internal  fibre  will  be  dututdly 
_,  peroeiTed. 

Fi/(,U5>  Spiral  Te»tli   iM  eon&Bad  to  the 

veios  of  leavae.  end  of  thoee  peril 
which  an  modifloatioiu  ot  le^na,  uota 
ai  tepala.  petala,  itaawna.  eaipeb,  and 
fruit;  ana  lo  eeriain  plaeea  in  the 
■tern.  In  Uit  itemi  of  Exogeaa.  Ib^ 
fonn  the  meduUaiy  iheath  (eee  page  II 
and  fie-  13  c),  from  which  thej  diverga 
into  the  leavea.  See.  In  EndoKena  tbey 
form  the  central  part  of  nay  bundle  of 
woody  matter,  and  from  theaa  taundlet 
pass  into  the  veins  of  the  leaves,  which 
are  mere  external  elongatiuna  ot  tbt 
hnndles.  Thej  are  abaent  from  the 
bark  of  all  plants  (ezaapt  Nepen- 
the*), and  are  onlj  fonnd  in  the  root 
of  Endogen*.  In  plaata  whieh  nem 
that  the  spiras  all  touoh  each  other,  bear  flowers,  they  are  altogether  want- 
When  at  reit.  it  resemblsa  a  wire  ing,  ezoept  in  the  form  «f  doeta ;  Um 
X'ng,  and,  like  that  oontrivanee,  ii  to  nature  of  which  will  be  exidainid  pn- 
tie,  that  it  will  oontract.  when  ex-  aentlj. 
tended  by  itretcbing  the  two  ends.  If  k  stem  it  ent  aoroM  nndnr  walait 

Tht  toughness  of  the  fibre,  of  which  ui-bubblea  fixu  imowdiatalj  at  tke 
It  apiral  veiisel  i«  formed,  is  quite  ex-  mouths  of  the  ipiral  vessels.  If  atfain 
traordinarr,  when  compared  with  its  longitudinal  slice  of  live  ve^ataUa 
axceiaive  fineness.  If  tou  pull  the  matter  is  viewed  undn  iimilar  arenin- 
•t^k  of  a  Strawberry  leaf  aiundar,  stances,  its  spiral  vessels  will  1H  mm 
gently,  or  the  young  shoot  ot  a  Dog-  dark  and  distended  with  air;  wb- 
wood,  the  spirsj  vessels  will  be  unrollwl  mitted  to  the  action  of  the  air-pump,  i 
in  great  numbers,  resemblin|;  the  proofs  are  furnished  of  a  similar  na- 
threads  of  a  spider's  web ;  by  atretoh-  lure  |  hence  spiral  vessels  we  cw- 
ingthem^radualiy  they  may  DC  broken,  sidered  respiratory  organs,  and  the 
ona  alter  theotlier,  till  at  last  only  two  French  call  them  (roasMS,  Bisehoff 
«i  three  fibres  remain ;  and  they  will  has  analyzed  the  air  they  contain,  and 
be  found  tough  enough  to  bear  the  found  it  contain  6  or  7  per  cent  mote 
weight  of  a  considerable  piece  of  the  of  oxygen  than  atmospheric  air.  Fran 
■temorleaf  to  which  they  belong.  what  source  the  additional  oxy^a|it 

Spiral  vessels  are  generally  seen  by  obtuned  is  as  yet  unknown;  but  it  m«j 
learner*  in  an  unrolled  state,  which  is  be  coigeotured  to  be  produoed  ^  tM 
the  most  easy  to  obtain,  but  the  wont  decomposition  of  carbonic  acid  in  lbs 
calculated  to  give  a  correct  ideaof  their  tissuethatjieain  the  vicinity  of  the  vet- 
nal  nature;  for  what  notion  can  be  sels.  There  are  those,  indeed,  who  inust 
farmed  of  the  original  position  of  their  upon  the  spiral  vessels  bung  inttndtd 
parts  by  viewing  a  parcel  of  entangled  for  the  conveyance  of  fluid.  But  with 
silver  threads,  glittering  in  the  light,  leferenoe  to  this  opinion,  it  is  suttcient 
as  a  mere  object  of  curiosity?  One  of  lo  remark,  1st,  that  these  writers  evi- 
the  best  modes  qf  seeing  them  is  to  dently  confound  ducts  and  dotted  ves- 
take  a  piece  of  Asparagus,  in  the  boiled  sels  with  the  spiral,  which  is  ft  nott 
stale  in  which  it  is  brought  to  table,  important  error  ;  3nd,  that  even  if 
and  to  tear  it  in  pieces  in  water.  By  fluids  are  occasionally  found  in  old 
means  of  a  little  careful  tearing  and  spiral  vessels,  that  may  only  show  that 
cleaning,  vou  may  extract  from  the  they  admit  water  through  their  aidca, 
pulp, which  is  ceUular  tissue, a  quan-  whentheiraenferousfunctionsareover; 
tity  of  fibrous  bundles,  which  are  in  3rd,  that  the  close  ooils  of  fibre  whieh 
part  woody  fibre,  and  in  part  spiral  line  their  inside,  seem  well  eontrived 
vessels  ;  the  elasticity  and  disposition  for  hindering  the  escape  of  air.  and  the 
to  unrol,  in  the  latter,  being  destroyed  introduction  of  water ;  and,  4th,  that 
by  the  boiling,  they  may  be  eawly  se-  there  appears  to  be  no  jwivision  fiw  the 
panted  in  ta  entire  itate,  when  tb«K    convt^j^xuM  <it  ^t  Vcttoufbtbe  central 
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it 


Mrta  of  plants,  if  that  oflloe  ii  not  pei^  thinneis  of  their  ridei,  and  the  nrj 

Ibrmeil  bj  the  ipiral  resseli.  imperfect  manaer  in  which  they  an 

Duett  are  organs  having  a  great  re-  guarded  intemall]'  by  fibrous  spires, 

■embUnce  to  spiral  veaaels,  and  are  are  luch  that  no  resistance  would  be 

pnibatriya  raeie  modification  of  them;  offered  by  them  to  the  infiltration  of 

thejr  are  chiefly  diitingutshed  by  their  fluid  fhnn  the  tissue  that  suirounda 

want  of  eUaticity,  and  of  the  power  of  them. 


anrolhng.  Like  the  spiral  vessels  they 
consist  of  a  very  thin  cj^linder,  termi- 
natiiig  in  conical  extremities,  koA  hav- 


Kg.m. 


By  what  means  vessels  communicate 
is  not  very  certain.  Mr.  Slack  repre- 
sents their  extremities  to  be  absorbed 
where  they  touch,  the  membrane  diiap- 
pearinft.  and  the  fibre  only  remaininir 
in  the  form  of  a  sort  of  grating  placed 
across  the  aperture.  Is  this  a  general 
fact,  or  is  it  confined  to  special  casrs  ? 
Many  attempts  have  been  made  to 
determine  the  true  Ainctions  of  these 
and  the  other  kinds  of  tissue  by  caus- 
ing coloured  infusions  to  ascend  them; 
bnt  the  artificial  and  unnatural  cir- 
enmitances  under  which  such  experi' 
nwnts  have  been  perfonned,  the  great 
difficulty  of  telling  whether  snch  mi- 
inff  a  flhrff  twisted,  spirally  in  its  in*  nute  organs  are  realty  coloured  by  mat- 
sule:  but  the  spires  of  the  fibre  are  ter  that  has  introduced  itself  into  their 
brittle,  so  that  they  snsp  when  cavity,  or  are  only  apparently  so  in 
itnlehed,  instead  of  unrolling.  In  the  consequence  of  the  coboring  matter 
cloMdAu:<(^.M,a).theflbnisp]aced  shining  through  their  transparent 
exactly  as  in  the  spiral  vessel ;  in  the  sides,  and  more  especiallv  the  impos- 
ammlar  (Jig.  86,  6),  the  spires  seem  ribility  of  ascertaining  that  fluids  do 
bnken  into  rings,  which  ]om  at  thrir  not  rise  through  the  miereellular  pat- 
cxtremities,  and  give  the  organ  ttie  ap-  tagtt,  have  rendered  all  such  attempts 
iwarance  of  a  tube  partially  flUed  with  so  unsatisfkctory  that  they  are  not 
rinn  lying  irregularlv  in  the  iniida;  worth  describing  here, 
uidin  the  rttieulatBd  (Jlg.90d),  the  Inlereillular patiagetm  the  spaces 
spneeofflbre  toneh.andgTow  tMCther  necetsarilv  left  between  the  sides  of 
in  m  lingular  a  manner  as  to  lonn  a  the  vesicles  or  tubes  of  tissue  when 
sort  of  netted  bag,  with  very  unequal  placed  in  contact  Ifthose  vesicles  or 
nohes,  tubes  were  regular  polygons  or  prisms; 

The  closed  dnct  u  (bund  prindpally  they  might  be  so  fitted  together  that 
io  Aerogens,  in  which  it  represents  nospaceswooldbelert  l>etween  them; 
the  Bpiiu  VMset;  the  others  are  little  but  oeing  always  irregular,  and  usually 
known,  except  in  the  herbaceous  stems  spheroids  or  true  cylinders,  they  are,  in 
ofl)l>ntawhtohgrowwith  considerable  fact,  analogous  to  a  heap  of  bladders. 
Tepidity.  Thm  occasionallv  occur  in  or  bundles  of  straws  packed  together, 
wood,  especial^  of  the  Conilerous  kind,  between  the  component  parts  of  which 
One  of  the  best  plants  to  examine  Itor  considerable  spaces  must  necessarily 
the  annular  and  reticulated  duct,  is  be  lelt.  It  is  these  which,  under  the 
the  Qaiden  Balsam,  or  the  Touch-me-  name  of  intercellular  passage*,  are 
not  (Impatiens),  in  whose  stems  they  supposed  to  assist  materially  in  eon- 
are  abundanL  *eying  the  fluids  of  plants  from  one 
llwir  office  seems  to  be  to  convey  part  to  another.  They  are,  therefore, 
fluid  at  one  period  of  their  existence,  not  special  organi,  taiit  only  passages 
whatever  it  may  originally  have  been ;  between  other  organs.  Of  the  same 
fbr  they  are  certainly  filled  wKh  sap  nature  are  what  are  called  luTj>etHine 
in  such  plants  as  those  to  which  we  vetteU,  ritxptaele*  of  oil,  and  axr-eelh. 
Iiave  just  referred.  Considering  their  The  two  first  are  mere  cysts ;  the 
relation  in  structure  to  spiral  vessels,  former  fistular,  the  latter  spheroidal, 
one  cannot  avoid  snspecting  that  to  fbrmed  in  tissue,  into  which  the  secre- 
convayaiiwaa  their  originu  deslina-  tioni  of  a  plant  are  drained,  tVi^iWtA. 
tion  ;  but  if  so,  this  must  have  ceased  IrreKular  tubem  \n  vtXvuXv  \.in^Ti!C\OA 
soonaft«  their  iint  creation;  for  the    lieiiilt^b«itLQtitiruVKft«x«ui««.- 
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anpla  of  the  foRDer:  the 
MTitiei  conlkining  eiKntialoil,  i 
ziod  of  an  orvige,  of  the  Utter. 
oalli  {fig.67}  ue  oivitiea  fbnned 
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„...  sides,  gndiulljr  thioVen,  Ion  ttNsr 
the  tnnip«r«DCj,  uid  become  merlwd  all 
Air-  TOuiKi,  from  end  to  end,  with  two  ftr 
athe  nllel  strcelu,  nhicb  «x«  vcnr  doM 
together,  and  traced  in  a  spina  dirae- 
tion.  Aflerwardi  they  enlarge,  the 
■treaki  become  iliti,  which  cut  the 
aidei  of  each  lube,  from  one  end  to  the 
other,  into  two  threads,  whose  circum- 
volution* iieparate,  aRet  the  manner  of 
the  thread  of  a  gun-wonn."  He  alw 
makes  some  observation*  upon  chsn^i 
of  another  kind,  by  means  of  which 
cellular  tissue  becomes  converted  into 
annular  duets. 
It  must  be  obvkms,  however,  that 
leaf  or  item,  for  the  purpose  of  enabling  observations  of  this  kind,  however  care- 
a  plant  to  float  in  water.  Thej'  are  fullv  made  and  faithfully  recorded,  aie 
bunt  up  with  a  degree  of  regularity  to  liable  to  eiror.  in  some  of  the  de- 
wbich  is  most  admirable :  having  their  tails,  that  they  require  to  be  repeated 
aides  composed  of  cellular  tissue  in  byseveralindepenaentobserverabefaK 
different  forms,  now  round,  now  they  can  be  received  as  positive  fiwtL 
lengthened,  now  angular,  according  to  Even  as  the  case  now  stands,  a  difo- 
the  situation  it  occupies  in  the  sides  ent  interpretation  might  be  put  upoB 
Of  angles  of  the  cavity,  and  evidently  the  apuearanees  described  by  Hirbd 
Gontnved  with  the  most  careful  fore-    himself,    admittiog    them  to    be  df 

aht :  those  parts  having  forma  scribed  correctly ;  and  as  at  all  events, 
ipted  to  stretcninK  where  any  strain  for  all  practical  purposes,  it  it  indis- 
it  likely  to  occur,  and  those  Iwing  solid  pensable  that  we  should  dtstinipiish 
and  unextensible  where  there  is  merely  correctly  the  three  principal  kind*  <tf 
weight  to  sustun.  Than  these  air-  elementary  organs  which  have  been 
cells  there  is  not  one  of  all  the  works  here  described,  it  is  not  desirable  to 
of  the  creation  more  richly  deserving  dwell  longer  upon  this  part  of  the 
the  attention  of  the  philosopher,  who    subject. 

seeks  for  illustrations  of  the  design  AVc  shall,  therefore,  conclude  the 
and  skill  of  the  divine  Artificer  of  explanation  of  the  structure  and  fuDc- 
Nature,  The  lesf-staik  or  stem  of  a  tions  of  tissue  with  representalioni  of 
floating  Crowfoot,  or  the  Duck-weed,  the  relative  position  ol^the  elementary 
obscure  and  insignificant  weeds  as  organs  in  those  cases  in  which  their 
they  seem,  exhibit  nn  elaborate  per-  action  is  the  most  Itkely  to  come  fre- 
fection  of  workmanship,  employed  quently  under  our  consideration  here- 
merely  to  render  such  objects  buoyant  after  In  all  the  three  following  «- 
in  water,  infinitely  beyond  the  most  gures,  c  signifies  cellular  tissue,  M 
exquisite  architecture  of  the  most  dotted  ducts,  /  woody  fibre,  a  sjunl 
gorgeous  lemple  in  the  universe.  vessels,  and  d  vascular  ducts. 

Fig.  SH  is  a  plan  of  their  position  in 
Different  as  are  the  various  forms  of  the  stalk  of  a  leaf,  showing  in  what 
tissue  which  have  been  now  described, 
it  is  the  opinion  of  some  distinguished 
vegetable  anatomists  that  they  are  all 
mere  modifications  of  the  ve«cle  or 
cellule;  this  is,  in  pailiciilar,  the  view 
lately  taken  of  the  subject  by  Mirbel. 
Tliis  distinguished  botanist,  in  a  most 
curious  paper  on  M^trchantia,  to  which 
allusion  has  been  maile  on  more  than 
one  occasion,  asserts  that  he  has  seen 
common  rounded  cells  of  cellular  tissue 
develope  into  long  slender  tubes,  ta- 
pering into  each  end;  that  those,  which 
orJ^finoUy  have  "membranous,  thin, 
even,   tinnspareal,  entirely  colouikss 


trier  they  ara  resMdinlj  placed  when  of  the  elementtry  otgua  in  the  branch 

the  syatenu  of  the  wood  and  bark  be-  of  an  Eit^n  two  yean  old ;  P  beiiic 

eom  blended  together.  the  pith,  W  the  wood,  B  the  barkT* 

a  a  plan  of  the  ariangement  the  limitnherethe  wood  orthebariitf 


oacycKTMaMiandof  ft  Meondbegina,  Fig  90  n  a  plan  of  the  amngement 
and  the  tiMH  Ipng  in  a  honi<»t^  ofthetiMue  in  thestem  of  an  Ezoi^o; 
^ndioa  aetiMi  the  wood  being  the  thcM  details  ara  taken  from  Von  Mai- 
■orilbrai  eelli  ot  the  medoUair  pro-  tiiu  splendid  work  upon  Palms ;  B  ii 
the  eortieal  integument  which  answera 


le  the  baric  of  an  Esofcen ;  W  ii  the 
•oodjr  centre,  eonsistini;  of  bundles  of 
foo-Taacular  tiiiue  marked  F,  and 
etllnlar  lubstance  marked  C,  analo- 
pm  to  the  pith  and  medullary  pro- 
ecfeesoranKxogen. 

Chaptkk  II. 

GtngrtU  Coniidtrotioiu  mneeming  Ike 
Kaiwre  qf  PlanU,  and  lAe  Sfeaiu 
Iktf  have  of  performing  their  vital 

Now  that  the  reader  is  acquunted 
with  the  funeral  nature  of  all  the  oi^ 
fiDS  of  plant!,  and  that  he  under- 
Handa  the  structure  of  those  minute 
*1«nientar7  parts  by  the  united  forces 
ofwhkh  they  are  ennbled  to  perform 
Ihcir  functions,  we  mav  proceed  to 
■Veteh  out  the  latter  in  their  piincipal 
vatiiau,  bere  ud  then  pattiog  ia  the 


the  sake  of  bnnging  certain  oDJects 
more  distinctly  into  view,  but  in  all 
eaees  avoiding  the  minuter  details ; 
for  which  the  inquirer  is  referred  to 
works  of  &  more  extensive  nature  than 
the  present. 

In  this  department  of  the  science, 
the  difficulties  which  the  philosopher 
has  to  overcome  are  of  a  very  different 
character  from  those  which  may  have 
embarrassed  him  in  merely  determin* 
ing  the  organisation  of  a  plant.  In 
the  latter  case  good  microscopes, 
manual  dexterity  in  preparing  the 
parts  for  examination,  and  sufficient 
patience  for  his  task,  are  sure  to  bring 
the  observer  to  conclusions,  the  gene- 
mi  truth  of  which  is  orten  susceptible 
of  exact  demonstralinn  ;  but  when  we 
come  to  consider  tba  c&\Mea  «l  n\\»\, 
phcDomena,  and  Vbe  iiit.uQei'\av\AO(x 
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quuiUty  in  their  hollow  joints  under  has  calculated  lliat  we  annURlly  import 

the  form  of  the  substance  called  Taba-  into  Europe  more  than  12001bs.  weieht 

sheer.    The  skin  of  the  Raltiin  Palm  of  copper  in  our  coffee,  and  that  the 

abounds  so  much  in  ailex  that  it  will  French     annually     consume      nearly 

strike  fire  with   a  piece  of  steel;  the  SOOtllbs.  in  their  bread.— (^ourrioJ  de 

ume  substance  exists  in  Teak  and  F/iarmade,  1830,  p.  iOS.) 

other  kinds  of  wood,  to  which  it  Rives  By  what  means  plants  are  enabled 

a  peculiarly  gritty  tenture ;  and  in  the  to  procure  the  various  kinds  of  matter 

genus    Equlsetum,  or  Horsetail,  one  which  we  have  seen  to  enter  into  their 

species  of  which  is  used  for  polishing  system,  is  the  next  subject  of  consider- 

wood,  in  consequence  of  the  whole  sur-  ation.      The   roots   are   no   doubt  the 

face  being  composed  of  compact  sili-  or(fans  which  ore  specially  destined  te 

cious  particles.     It  was  once  thought  this  office ;  it  is  they  which  are  pUwd 

that  Bilex  must  be  actually  formed  by  .  in  the  most  favourable  situation  Ibc 

the  actionofthe  vital  principle  of  vege-  such  a  purpose;  and  which,  from  thai 

tation;  but  Berrelius  has  proved  that  organitation  and  modeof  Rrowth,  see« 

newly-forming  silex  is  soluble  in  water,  also  to  be  the  best  adapted  to  it.  When 

wid  consequently  it  is  more  probable,  young  they  consist  of  a  sheath  of  Ihio 

as  has,  indeed,  been  recently  proved,  and  exceedingly  hygrometrical  cellulu 

that  it  is  in  a  state  of  solution  that  it  tissue  (Jg.   92,  a  a),    surrounding  « 

enters  the  system,  and  is  afterwards  j^^  g2 
separatedfro'm  the  water.  Considering 
the  immense  quantity  of  water  that 
passes  through  a  plant  in  the  course 
of  its  growth,  there  is  no  difficnlty  in 
conceiving  the  possibility  of  the  largest 
amount  of  silex  which  is  ever  met  with 
in  vegetation  originating  in  this  way ; 
but  there  is  still  one  circumstance  to 

be  accounted  for,     If  we  grow  a  Pea  bundle  of  woody  and  vascular  matter 

and  a  grain  of  Wheat  in  the  same  soil,  b  b.    At  this  period  they  contain  nu- 

thc  plant  which  results  from  the  latter  oilaginous  matter,  which  enables  them 

wilt  abound  in  silex,  while  thai  from  to  attract    fluids  from    the    soil  that 

the  former  will  not.    Now  we  have  no  surrounds  them,  and  having  obtuael 

reason  to  supjiose  that  these  two  spe-  it,  they  send  it  upwards  into  the  gane- 

cies  have  any  special  power  of  select-  ralaystem.  The  powerof  suction  which 

ing  their  food,  aud    that    the    silex  is  thus  given  to  them  is  incessantly  in 

passes  freely  into  the  one  while  it  is  action,  and  with  a  force  that  is  alDMwt 

stopped  by  filtration  in  the  other  case:  incredible,  considering  the  smallneu 

on  the  contrary,  all  that  we  know  of  the  of  the  means  by  whidi  it  is  effected  : 

functions  of  roots  leads  us  to  believe  this  will  be   evident  when  it  is  seen 

that  both    absorb   Ihe    silex   equally,  with  what  force  the  sap  of  a  plant  is 

What  then  becomes  of  it  in  the  Pea  ?  impelled  upwaris  at  certain  periodt  ot 

This  is  a  question  still  to  answer.  the  year  (tee  Chapter  VI.),  and  when 

Lime,  and  many  of  its  mIIi,  eipe-  it  is  mentioned  that  Hales  found  a  Sun- 

cially  the   sulphate    and    phosphate,  flower,  three  feet  high,  lose  tweni* 

magnesia,  potash,  soda,  sulphur,  phos-  ounces  of  water  daily,  to  supply  whit^h 

phoi-us,  several  metals,  and  a  number  the  roots  must  have  obtainecl  from  Ihe 

of  other  species  of  matter,  occur  in  soil  not  twenty,  but  thirty  ounces  of 

plants,  in  greater  or  lest  abundance,  fluid  duly  ;  for,  according  to  Senebier. 

all  evidently  taken  up   from  Ihe  soil,  a  plant  retains,  on  the  average,  onc- 

Of  these  soda  is  the  best  known  and  tlurd  part  of  all  the  water  that  eolers 

most  abundant,  existing  to  the  amount  its  system,  and  fixes  it  in  a  solid  fumi. 

of  as  much  as  fttty-five  per  cent,  in  the  It  is  only,  however,  in  their  youngest 

■tateof  a  carbonate  in  the  ashes  of  Sal-  stale  that  the  roots  have  this  extrnor- 

sola  saliva  in  Sicily  (Fee) ;  and   cop-  dinary  power ;  as  soon  as  their  tissue 

per  the  least  suspected  and  most  cu-  becimes  charged  with  earthy  matter, 

rious.  This  metal  is  stated  by  Sarzeau,  deposited   by  the  entering  fluids    in 

according    to   De  Candolle.    to    form  their  passage  from  the  soil,  their  poiver 

eight  parts  in  a  million  in  coffee,  and  of  suction  is  diminished,  and  seems  in 

about  four  part*  and  a  half  in  a  mil-  the  end  to  cease  altogether.    Thus,  if 

lion  in  wheat;  whenH  this  chemiit  you  take  ti  carrot  and  place  the  ;point 
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I  it)ot  in  water,  it  will  suck  up  the  them,  that  they  are  exposed  to  no  such 
ture  as  well  as  if  the  whole  root  effects.  Increasing  by  constant  addi- 
inimersed ;  and  on  the  other  hand,  lions  of  voung  matter  to  their  delicate 
a  place  the  whole  root  in  water,  points,  they  are  able  to  insinuate  them- 
il  the  point  or  newly-formed  part,  selves  between  the  solid  particles  of 

II  not  suck  up  the  fluid  in  any  the  soil  with  the  greatest  facility,  in 
dwable  quantity.  For  this  reason  which  they  are  much  assisted  by  the 
oung  tips  of  the  roots  are  of  the  softness  and  pliability  of  their  new- 
•t  importance  to  a  plant,  and  its  bom  tissue  ;  tnus  we  find  them  able 
bemg  depends  in  a  greater  de-  to  pierce  the  little  cracks  in  a  stone 
upon  their  preservation  than  upon  till  they  have  passed  beyond  it,  when 
other  oireumstance.  In  conse-  their  power  of  expansion  will  often  en- 
Bt  of  the  great  importance  of  the  able  them  to  burst  it;  and  we  often 
of  the  roots,  thev  have  received  see  them  insinuating  themselves  into 
•peeial  name  or  tffongioist  or  the  crevices  of  waUs,  and  penetrating 
fmiit^  and  are  sometimes  spoken  solid  masses  of  brickwork.    I(  how- 

if  they  were  really  distinct  or-  ever*  the  rootlets  insinuate  themselves 
;  they  are,  however,  nothing  into  a  oreviee  to  which  there  is  no  out* 
than  the  young  and  tender  extre-  let,  they  are  merely  arrested  in  their 
8  of  the  foots.  As  ikst  as  they  advance ;  and  the  fkoility  with  which 
iiy»  they  Umc  their  power,  and  they  subdivide  into  other  branches. 
I  to  bo  spongelets ;  but  as  the  enables  them  immediately  to  counter- 
»  when  growing,  are  inoeasantly  aet  the  inconvenience  produced  by 
ng  new  natter  at  their  points,  their  stoppage,  by  emitting  from  their 
^dets  are  peipetually  inesent,  sides  a  number  of  little  sprouts,  each 
ithstanding  that  they  are  perpe-  of  whieh  will  advance  into  the  soil  in 
^disappearing.  search  of  moisture.  The  same  pro- 
ve take  this  oireumstance  in  eon*  peurty  prevents  their  exhausting  the 
B  with  the  Iket,  that,  in  Igenend,  soil  of  the  OMMsture  that  surroundi 
do  not  Ungthen  except  oy  the  them,  for  they  are  all  their  lives  long 
on  of  new  matter  to  their  poid^  removing  firom  the  exhausted  point  to 
all  find  that  the  fhnetion  of  iM«  new  and  untouched  soil ;  and  this  so 
I  plants  is  one  of  the  most  beau-*  elBMtuallv,  that  animals,  with  their 
instances  of  contrivance  in  the  powen  of  movement  to  aid  them,  are 
I  vegetable  kingdom.  Orowing^  not  better  able  to  roam  in  searoh  of 
ley  do,  in  a  solid  resisting  me-  firesh  pastures,  tlyu  the  seemingly  mo- 
,  if  they  lengthened  by  a  general  tionless  roots  are  to  seek  incessantly 
sioB  of  previously  formed  parts,  fiv  new  ilreding  places.  Some  plants 
would  be  constantly  interfored  will  send  out  their  roots,  under  particu- 
by  the  uncertain  nature  of  the  lar  circumstances,  to  great  distances 
in  which  they  are  develcmcxi;  as  in  searoh  of  food;  and  their  length 
Bgree  of  resistance  offered  hr  sml  will  be  amasingly  disproportionate  to 
J  solid  passing  through  it,  is,  the  height  of  their  stems.  The  Lu- 
Its  veiy  nature,  most  unequal  and  eeme  putnt  has  a  stem  about  two  feet 
tam,  it  would  be  impossible  that  hiffh ;  its  roots  have  been  taken  from 
woe  with  which  the  roots  push  below  the  foee  of  the  escarpment  of  a 
rd  eonld  be  ever  proportioned  to  sand-pit,  as  much  as  thirty  foot  in 
wstance  opposed  to  thehr  ad«  lengtn ;  so  that  many  of  the  little 
I,  and,  eonsequentlVf  they  would  leaves  had  to  be  supplied  by  a  living 
le  so  twisted  and  Knotted,  that  well  three  hundred  and  sixty  times 
flnids  would  no  longer  droulate  deeper  than  themselves.   Powerful  and 

Ph  them  with  the  regularity  t^  important  as  the  action  of  the  roots  ^ 

by  the  exigencies  of  the  stem  must  be,  we  must  not  suppose,  on  that 

laves.  And  if  they  absorbed  fluid  account,  that  it  is  the  sole  medium  by 

every  part  of  their  surfaee,  the  which  nutritive  matter  passes  into  tKe 

nnid  a  tree  must  become  so  dried  system  of  a  plant    Orchideous  plants, 

lat,  as  the  roots  cannot  stir  from  sjid  certain  species  of  the  Fig,  have  been 

aoe  where  they  are  first  formed,  suspended  in  the  air,  and  they  have 

would  speedily  perish  from  the  continued  to  live,  although  their  roots 

qoenoes  of  their  own  action  upon  were  destroyed ;  a  species  of  Tilland- 

Vth  that  surrounds  them.    Fto*  sia  is  tied  to  the  iron  balconies  of  the 

00  Im^  howeverr  oa'oontrivod  houses  in  Buenos  Ayres,  and  there  it 

•  G  2 
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lives  and  flowers;  llie  Dodder  clings 

round  the  stems  of  the  Heath  and  Chapter  IV. 

F,irre,  and  gmws.  flowers   and  m,its  q,  JUgg.tiw ;  or  the  means  by  aUA 

dunng  ttie  greater  part  ol  its  life  with-  •',^  -^ j^  ^        -^  conv^led  into  tht 

out  any  coram nnical ion  with  the  sod  ;  f^^^n^r  secretions  of  PlanU. 

Mialeloe  has  been  made  to  sprout  upon  '^ 

the  surface    of  a   cannon-ball;    and  Whks  the  food  of  a  plant  enter*  the 

other  instaneea  might  be  mentioned  in  roots  it  passes  upwards,  undergoinf 

which  plants  have  zrown  without  roots,  some  kind  of  chemical  change,  end  dis- 

If  plants  which   nave  withered    are  solving  whatever    soluble    matters  it 

syringed,  they  recover  their  freshness;  meets  with  in  its  course;  so  that.vitfa- 

and  if  the  atmosphere  of  a  badly  ma-  out   having  been  exposed  to  uiy  of 

na^ed  greenhouse    is  saturated  with  those  conditions  by  which  it  is  ulK- 

moisture,  the  starved  and  dying  plants  raatelv  and  principally  a&cted,  it  is 

recover.     In  all  these  cases  it  seems  considerably  altered   from  its  origintt 

impossible  to  doubt    that    a    certain  nature  before  it  reaches  the  leaves.    If 

quantity  of  moisture,  and  consequently  the  trunk  of  a  Birch  tree  he  tapped  in 

of  food,  is  absorbed  by  the  surface  of  a  the  spring,  near  the  ground,  it  nill  di»- 

plant,  independently  of  roots ;  for  we  charge  in  great  abundance  a  whitisb 

cannot  ascribe  all  the  cases  just  re-  limpid  Auid,  which  is  the  rising  sap; 

ferred  to,  to  the  prevention  of  evapo-  but  if  the   sap  be  obtained    from  an 

ralioir.     Nor, indeed,  does  one  see  why  aperture  Ave  or  six  feet  higher,  itwill 

we  should;  for  any  soft  and  succulent  be   perceptibly   astringent;  and  at  ■ 

tissue  is.  as  we  have  seen,  capable  of  higher  point  still,  its  difference  tinmi 

absorbing  moisture  through  its  sides  in  that  near  the  root  will  be  still  more 

a  greater  or  less  degree,    and    such  apparent. 

tissue  exists  on  the  bark  and  leaves  of  It  has  already  been  remarked,  that 

all  plants.    It  must,  however,  be  re-  a  portion  of  the  waiei  which  plaotf 

membered,  that  whatever  power  we  suck  up,  combines  with  the  tissue,  and 

may  ascribe  to  the  leaves  and  stems  of  enters   into  the  general  constitution, 

plants  of  keeping  up  the  nutrition  of  where  it  becomes  nxed,  as  the  water  of 

the  system  in  the  absence  of  roots,  yet  crystallization  in  minerals.     This   ap- 

tbat  their  power  is  as  nothing  com-  parently  takes  place  in  the  course  of 

pared  with  the  efficiency  of  the  roots  the  ascent  of  the  sap,  before  the  latter 

themselves.  reaches  the  leaves  and   becomes  ei- 

If,  then,  it  is  by  the  roots  that  plants  po^ed  to  that  sort  of  decompoaitjon  and 

are  enabled  to  feed,  and  if  it  is  more  alteration  which  is  here  called  diges- 

especially  \>y  their  young  and  tender  tion,  and  with  the  phenomena  attmi- 

points,  the  importance  of  preserving  ant  upon  wliichweare  best  acquainted. 

those  dehcate  organs  must  be  obvioiu,  Under  what  influences,  except  that  of 

while  the  mischief  that  will  of  neces-  the  vital  principle,  a  decomposition  of 

lity  result  from  their  mutilation  or  de-  the  sap  takes  place  before  it  reaches  the 

struction  will  be  readily  appreciated;  leaves,  we  are  ignorant.  Butwhenithu 

foralthoughtheymayberenewedwhen  reached  the  leaves,  and  thus  beconKS 

destroyed,  yet  their  replacement  is  k  exposed  to  the  eftect  of  light,  its  ait- 

slow  operation,  and,  in  many  species,  tion  is  less  removed  from  nur  powers  of 

is  performed  with    difficulty,    except  observation  ;    and  physiologists  haw 

under  very  favourable  circumstances,  succeeded  in  ascertaining,  to  a  great 

The  reader  who  is   acquainted  with  extent,  the  exact  nature  of  the  changes 

gardening  or  {planting  will  not  fail  to  it  undergoes. 

perceive  the  uumense  importance  of  What  we  6nd  it  most  neMMairtO 

these  considerations  as  connected  with  inaiit  upon  in  this  place,  an  tb«  tnm 

transplanting  trees  ;  and  that  the  vio-  following  axioms,  to  which  the  ezpeii- 

lence    and    carelessness  with    which  ments  of  carefiil  observers  and  ikillial 

plants  are  frequently  torn  out  of  one  reasonen  have  led:— I.  Thm^ 

place  and  thrust  into  another,  are  any-  qftoater  tott  loaplatU  Ay  mn^ 

.  ^^  j.^  poKw  ^ obioTptitM /Htm  t^ 
nit,  it  in  proportion  to  tlv  tpuntUf 
of  li^ht.  3.  Light  emun  «  diseoN. 
poatton  oftke  earbotiic  acid  qf  vtgtta- 
lion,  aad  oontequtmtbi,  hm  tolidifkiiit 
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to  ii  tMe  hardeit,  3.  The  other  to  the  enn,  in  close  Tetielf,  and 
ffpkmU  chiefly  eoruiiU  in  a  in  an  atmosphere  containing  a  known 
ier  by  evaporation^  and  in  an  quantity  of  carbonic  acid,  and  are  re* 
M  of  carbon,  by  the  deeompo-  moved  at  the  end  of  twelve  hours,  we 
amnio  acid,  shall  find  that  the  first  has  diminished 
e  quantity  of  water  lost  to  a  neither  the  quantitr  of  oxygen  nor  of 
evaporation  is  in  jnroportion  carbonic  acia ;  ana  that  in  the  second^ 
mtity  of  light  is  easily  proved  on  the  contrary,  the  quantity  of  car* 
owing  experiment,  mentioned  bonic  acid  has  diminished,  while  the 
idolle :— "  If  you  select  three  quantity  of  free  oxygen  has  increased 
leaf,  of  the  same  species,  of  in  the  same  proportion.  Or  if  we  place 
sise,  and  ofthe  same  strength,  two  similar  plants  in  closed  vessels  in 
them  in  close  vessels,  one  in  the  sun,  the  one  in  a  vessel  containing 
cness,  the  other  in  the  dif-  no  carbonic  acid,  and  the  otiier  in  air 
t  of  dav,  and  the  third  in  the  which  contains  a  known  quantity  of  it« 
it  will  be  found  that  the  first  we  shall  find  that  the  air  in  the  first 
» very  little  water,  the  second  vessel  has  undergone  no  change,  while 
ftp  and  the  third  a  great  deal  that  in  the  second  will  indicate  an  in- 
I  either.  These  results  vaiy  crease  of  oxygen  proportioned  to  the 
toqiecies  and  circumstances;  ouantity  of  carbonic  acid  which  has 
fMrmly  happens  that  plants  in  oisappnred ;  and  if  the  experiment  is 
baorb  more  thtn  those  in  dif«  conducted  with  sufficient  care,  we  shall 
itt  and  the  latter  more  than  discover  that  the  plant  in  question  has 
iailLness;  the  last,  however,  gained  apropoitionable  quantity  of  car- 
op  something.  If,  again,  we  bon.  Therefore,  the  carbonic  acid 
similar  plants,  and,  prevent-  which  has  disappeared  has  given  its 
ibeorption  by  the  roots,  after  oxygen  to  the  air  and  its  carbon  to  the 
them  carefully,  place  them  plant,  and  this  has  been  produced  solely 
imilar  situations,  we  riiall  find  by  the  action  of  solar  li^ht  .'* 
exposed  to  the  sun  has  lost  a  However  varied  experiments  may  be^ 
tntity  of  water,  that  in  com-  they  all  lead  to  the  same  result,  and 
ight  a  less  amount,  and  that  compel  us  to  acknowledge  the  great 
ts  in  total  darkness  almost  importance  of  li^ht  to  plants,  in  en- 
Hence  it  may  seem  proved,  abung  them  to  digest  the  crude  matter 
Btion  of  solar  light  is  the  great  whiehthejgainmnn  the  soil.  In&ot^ 
cause  of  suction  at  the  one  there  is  notmnff  of  which  we  have  any 
of  evaporation  at  the  other  certain  knowledge  that  interfierea  with 
klant ;  and  that,  in  the  night-  these  conclusions.  We  see  in  practice 
nts  gain  weight,  while  tney  that  the  more  plants  are  exposed  to 
the  day-time*  It  is  not,  how-  light  when  growing  naturally,  the 
ir,  that,  to  speak  rigorously,  deeper  is  their  green,  the  more  robust 
we  may  talk  of  light  as  being  their  appearance,  and  the  greater  the 
nmse  of  these  phenomena,  it  abundvuse  of  their  odours  or  resins; 
tier  the  dryness  of  the  atmo-  and  we  know  that  all  the  products  to 
«sed  by  the  heat  of  sunlight,  which  these  appearances  are  om^  are 
ltd  with  the  moirture  of  the  highly  caibonised.  On  the' cent  raiy, 
absence  of  the  sun.  Thos^  the  less  a  plant  is  exposed  to  sunlight, 
a  dry  sitting-room,  to  which  the  paler  are  its  colours,  the  laser  its 
has  no  access,  undoubtedly  tissue,theflunter  its  smell,  and  the  less 
ij  their  leaves,  and  absorb  l^  its  flavour.  Hence  it  is  that  the  most 
I,  more  than  if  they  were  ex-  odoriferous  herbs  are  found  in  greatest 
the  sun  in  a  moister  atmo-  perfection  in  places  or  countries  in 

which  the  sunlight  is  the  strongest— 

rer  doubt  there  may  be  con-  as  sweet  herbs  m  Barbery  and  Fales- 

lie  precise  causes  of  evapora-  tine.  Tobacco  in  Perria,  and  Hemp  in 

re  can  be  none  whatever  as  the  bright  plains  of  extratropical  Asia. 

ower  which  sunlight  has  to  The  Peach,  the  Vine,  and  the  Melon, 

I  decomposition  of  carbonic  also,  no  where  acquire  such  a  flavour 

fixing  ofthe  carbon,  and  the  as  under  the  brilliant  sun  of  Cashmere, 

t  of  oxygen.  Persia,  Italy,  and  Spain. 
qfBDeCandoUe,  *"  two  plants       This  is  net,  YMmtner,  ^  mt^^^Ar 

is4  ope  to  daikiMss  sad  ths  tio&oriiixiiry»ia«ton«t9»^yQ&m%i 
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te  comidered.  The  fixing  ofca.rboii  by  fix  moit  cifbon.  will  become  harder,  and 
the  RcUon  of  light  contributes  in  an  will  len^hen  less  ;  while  the  opposite 
Btninent  decree  to  the  (juality  of  lim-  will  fix  less  cnrbon,  be  less  hwil,  nad 
ber— apoint  ofno  amall  imporlance  to  will  leni^then  more;  the  coniequenw! 
ftll  oountriei.  It  ii  in  a  fcreat  degree  or  which  will  be,  that  the  illuminated 
to  the  Darbon  incorporated  with  the  side  will  controot,  and  pull  the  branch 
tissue,  either  in  its  own  proper  form,  or  towardii  the  light.  Thii,  if  rightly  con- 
as  resinous  or  astringent  matter,  that  sidered,  will  of  itself  explain  tlie  uni- 
the  different  quality  in  the  timber  of  form  tendency  of  the  green  parts  o( 
the  same  species  of  tree  is  principally  plants  lo  turn  towards  the  light;  and 
owing.IsolatedOaktreef,  fully  exposed  ifit  will  not  account  for  sueli  pheno- 
to  the  infliience  of  liffht.  become  a  mena  as  that  of  the  Snnflower  turning 
tougher  and  a  more  durable  timber  its  flow er.i  eonslantly  to  the  sun,  and 
than  the  same  species  growing  in  dense  following  him  in  his  oourse,  us  we  find 
forests  ;  in  the  former  case  its  tissue  is  repeated  by  author  after  author,  that 
solidified  by  the  greaterquantity  of  car-  circumstance  is  ascribable  not  to  any 
bon  &xed  in  the  system  durine  its  defect  in  the  explauations  that  have 
growth.  Thus  we  have  every  reason  just  been  given,  but  lo  the  alleged  plie- 
to  believe  that  the  brittle  Wainscol  Oak  nomemn  having  no  ein»Iencein  nalurr. 
of  the  Black  Forest  is  produced  by  (he  What,  then,  with  the  evaporation  of 
very  same  species  as  produces  the  the  watery  parts,  the  fixing  of  a  part 
tough  and  solid  naval  timber  of  Great  of  the  water,  and  the  decomposition  af 
Britain.  Starch,  again,  in  which  car-  carbonic  acid,  the  crude  sap  of  plants 
bon  forms  so  lar^e  a  proportion,  and  is  changed  from  its  original  nature  lo 
which,  in  the  Potato,  the  Cassava,  the  secretions  which  are  peculiar  to 
Corn,  and  other  plants,  ministers  so  dift^rent  species ;  but  by  what  other 
largely  lo  the  nutriment  of  man,  de-  means,  unless  by  the  speeifio  action  of 
pends  for  its  abundance  essentially  the  vital  principle,  are  established  the 
upon  the  presence  of  light.  For  this  new  proportions  of  oxygen,  hydrogen. 
reason,  Potatoes  grown  in  darkness  are,  and  carbon,  and  occasionally  of  nitro- 
Bi  we  say,  watery,  in  consequence  of  gen,  which  are  necessary  to  form  the 
no  starch  being  developed  in  them,  and  acids,  resins,  gums,  sugars,  amylaceaut  , 
the  quantity  of  nutrition  or  amylaceous  alkaline,  and  other  ibrms  of  maUa  | 
matter  they  contain  is  in  direct  pro-  which  are  met  with  in  plants,  b  Mi  I 
poKion  to  tnc  quantity  of  light  to  which  unknown.  \ 
they  are  exposed.  For  this  reason.  The  deposit  of  these  substaneei.ftid  i 
when  orchard-ground  is  under-cropped  of  the  earthy,  metallic  and  other  extn- 
with  potatoes,  the  quality  of  their  neons  materials  which  pass  into  th* 
tubers  is  never  good;  because  the  system  of  a  plant,  along  with  its  fluid 
quantity  of  light  intercepted  by  the  nutriment,  gradually  consolidates  ths 
leaves  and  branches  of  tne  orchard-  tissue,  cases  over  its  sides,  obokei  up 
trees  prevents  the  formation  of  car-  its  intercellular  passages,  and  prevenli 
bon  by  the  action  of  the  sun's  rays  the  organic  membrane  from  perrorai- 
upon  the  carbonic  a^iid  of  the  Potato-  ing  its  functions.     When  thishappew, 

Elant.      Mr.  Knight   has    turned  his  the  part  in  which  it  occurs  dies,  or  tt 

nowledge  of  this  unquestionable  fact  least  ceases  lo  be  capable  of  I'urthei 

lo  great  account  in  his  application  of  action ;  and  thus  wood  and  bark  be- 

the  principles  of  vegetable  physiology  come  incapable  of  conveying  fluid,  and 

to  horticultural  purposes,  leaves  fall  from  the  branch  that  heart 

It  is  to  the  power  which  the  snn'i  them.    This,  which  is  called  the  till  o( 

rays  possess  of  decomposing  carbonic  the  leaf,  has  always  been  a  puiiling 

acid,  and  fixing  the  residual  carbon,  circumstance  to  acconnt  fbr.  One  man 

(hat  many  of  the  directions  which  the  has  assigned  it  to  the  rupture  of  th( 

parts  of  plants  assume  are  ascribable.  spiral  vessels  which  oonnect  the  Itaf 

When,  for  instance,  a  branch  firat  quits  with  the  stem;  another  has  called  it 

a  st«m,  its  own  weight  would  give  it  a  analogous  to  the  sloughing  of  parts  in 

tendency  downwards,  if  it  were  not  tot  animals,  without  pretendinir  to  explain 

the  eflieot  of  light  Ihim  alwTe,  which  the  oi^anic  cause ;  others  have  simply 

eolidifici  the  parts  exposed  to  it.    Let  said  that  leaves  fall  off  faecanse  Ihej 

any  one  expose  a  green  branch  in  snch  are  dead.     Perhaps  the  following  ex- 

1  manner  IfiRt  light  strikes  it  only  on  planation  may    nut    lie  fur    removed 

fas  side;  (he  tusuo  of  that  udt  ^iU  toim  Vae  Xii.u^  TtiR^^Ma  where  the 
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bftie  oi  a  leaf  if  oonneeted  with  a  stem    The  causes  of  these  things  are  totallf 

mar  be  represented  by  the  eirele  a,  b,    unknown. 

^  a»  Jig'  93.    When  both  the  lesf  and 

stem  are  in  a  state  of  health,  they  con-  Chaftbr  V. 

meter  as  thelircumferenoe ofthe  stem  •  ^^g^^^<^  ^P<^^  '^  Atmosphere. 
is  enlarged  in  consequence  of  its  dis-  Under  the  name  of  respiration  we 
tention  jby  the  wood  which  is  forming  shall  include  all  that  is  connected  with 
within  it ;  and  it  is  obTious,  that  so  the  inhalingr  and  giving  off  of  gaseous 
long  as  this  mutual  adaptation  goes  matter  bv  plants. 
on»  the  organic  connexion  between  the  This  function  b  chiefly  connected 
leaf  and  stem  will  not  be  inter-  with  the  absorption  of  oxygen  and 
rupted.  But  let  the  base  of  the  leaf,  carbonic  acid,  and  their  expiration. 
Qft^c^d,  lose  its  power  of  mwth,  in  Bj  a  vast  number  of  experiments,  che- 
eooaequence  of  being  killed  by  the  de-  mists  have  determined  that  the  green 
posit  eC  foreign  substances  in  it,  the  parts  of  'plants  placed  in  the  sun  ab- 
growthofthat  part  of  the  stem  which  sorb  carlwnic  acid  from  the  atmo- 
witwen  to  this  circle  will  not  therefore  sphere,  and  decompose  it,  giving  back 
be  internipted,  but  will  go  on  growing,  tne  oxygen ;  and  that,  at  night,  they 
and  in  time  wUl  occupy  the  space  de-  absorb  oxygen  from  the  atmosphere, 
aeribed  by  the  circle  e,  /,  g^  A.  To  giving  off  carbonic  acid ;  it  is  also  pro- 
eflBCt  this^  all  the  parte  inclosed  within  bable  that  they  part  with  a  small 
the  eirde  e,  /,  g^  a  must  become  dis-    quantity  of  carbonio  acid  during  the 

Ened  ftom  thoee  of  the  leaf  compre-  day. 
aded  within  the  circle  a,  ^  r,  d^  and  When  the  first  observers  remarked 
the  Ineritable  consequence  will  be  ^e  that,  if  green  leaves  were  placed  in 
separation  of  the  two,  when  the  leaf  water  in  the  sunshine,  bubbles  of  air 
wOl  drop  off  What  gives  this  explar  were  produced,  it  was  not  clear  whe- 
nation  tne  greater  appearance  of  pro-  ther  tne  gas  originated  from  the  leaves 
iMllility  is  the  well-known  fket,  that  or  the  water;  nor  was  it  known  that 
tavet  do  not  drop  off  the  stems  of  Endo-  the  bubbles  might  not  be  produced  by 
femt  which  never  increase  in  diameter ;  air  adhering  to  the  leaves.  None  have 
IB  such  cases  they  simply  perish  and  rot  conducted  their  researches  into  this 
away.  It  must,  however,  be  mnem-  curious  subject  with  more  care  than 
-bend,  that  whatever  value  there  may  Theodore  de  Saussure,  Senebier,  and 
te  in  this  explanation  ofthe  fall  ofthe  De  Candolle ;  the  result  of  whose  in- 
1m(  it  vHll  by  no  means  account  for  vestigations  is  briefly  this.  Three  condi- 
ether  instances  of  disarticiUation  be-  trans  are  neoessaiy,  in  order  to  secure 
tween  different  organs,  or  difforent  the  disengagement  ofoxygen  by  leaves: 
parte  of  the  same  organ;  such  as  the  firstly,  the  parts  must  be  green;  se- 
tsfpmtion  of  the  upper  half  oif  the  cap-  condly,  they  must  be  exposed  to  the 
snue  of  the  Pimpernel  (Jlf,  65  b)  fhmi  direct  action  of  the  solar  rays ;  and, 
the  kmer,  the  oropping  m  pieces  of  a    thirdly,  there  must  be  carbonic  ackl  in 

J*     o«  the  water. 

^^*  ^^*  The  circumstance  that  green  parte 

alone,  with  a  few  exceptions,  are  capa- 
ble of  givinjg  off  oxygen,  sufficiently 
proves  that  it  cannot  result  from  what 
atmospheric  air  may  adhere  to  tiiie 
leaves  under  experiment;  and  Sene- 
bier ascertained  that,  if  the  green  parte 
are  exhausted  of  their  air  by  the  air- 

Eump,  they  will  nevertheless  emit  air- 
ubbies  as  usual  when  placed  in  water 
in  the  sunshine.  That  this  is,  in  fact,  a 
vitel  action,  is  proved  by  dead  leaves, 
still  green,  having  no  power  of  emitting 
gaseous  matter  until  they  begin  to  de- 
lommtaeeoos  legume,  the  separation  of   compose. 

the  valves  of  a  Cruciferous  pod  firom       It  is  not  tufl^cienl  \o  ^\^^^Vv(«^  vc^ 
•their  ftiao  (/If.eSci)^  mkI  the  like.    1mgtatUg\itto  ipcQQ\R«\:tAUBA.vB^^ 
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oxygen  by  their  leaVes  in  water;  it  had  aecew  to  them,  gamd  eaitai; 

must  be  under  the  direct  rays  of  the  while   similar  pLants,  in  a  aitiiatioii 

sun.    De  CandoUe  found  the  purest  cut  off  from  the  acoeM  of  ouboak 

daylifl;ht,  the  brightest  lamplight,  in-  acid,  not  only  gained  no  oarbon,  b«t 

.sufficient  to  produce  the  phenomenon :  lost  a  part  of  what  they  pntnontHf  ]iOi- 

a  very  curious  result*  when  we  consi-  seatted. 

deiibow  large  a  part  of  vegetation  is  If  the  green  parts  are  jdaeed  m  IIm 
seldom  expmied  directly  to  the  kAht  dark,  in  a  receiver  foil  of  ataoapbMrie 
rays.  Of  course  nothing  like  onission  air,  we  find  that  the  quantity  or  osy- 
of  oxygen  would  occur  at  night.  gen  is  perceptibly  diminished,  mm 
It  IS  not  even  any  kind  of  water  in  this,  and  many  other  conaidecalieos, 
Which  oxygen  will  be  evolved  in  the  we  are  forced  to  conclude  thai  omp* 
sunshine ;  neither  boiled  water,  nor  is  absorbed  by  plants  at  nighL  •  llwm 
distilled  water,  nor  that  in  which  nitro-  gas  does  not,  biowever,  remain  in  the 
gen,  hydrogen,  or  even  oxygen  have  system  of  a  plant  in  an  ekatm  static 
been  dissolved,  will  produce  the  result,  for  neither  the  air-pump  nor  heat  ~** 
But  if  a  small  quantity  of  carbonic  disengage  it ;  but  it  appaan  to  ~ 
acid  is  dissolved  in  the  water,  the  porate  itself  with  the  tissnebflian 
green  parts,  stimulated  by  the  sun,  dis-  ught  readily  disengages  it  The  i 
engage  oxygen.  Various  ingenious  ence  therefore  is,  that  it  ia  absofbod  at 
means  have  been  contrived  to  prove  night,  and  combines  with  tho  eubm 
this  fact,  and  to  show  that  the  quantity  already  existing,  forming  fiarbonin  ami, 
of  oxycfen  given  out  is  proportioned  to  and  that  the  latter  is  decompciid  hj 
the  quantity  of  carbonic  acid  decom-  the  sun,  as  has  before  been  almwn. 
posed ;  one  of  the  prettiest  experiments  Other  experiments  showi  tlmt  al- 
ls the  following,  Dy  De  Candolle :  He  though  the  absorption  of  osygaa  aad 
placed  in  the  same  cistern  two  inverted  the  decomposition  of  caibonio  mM  are 

glasses,  of  which  one  (A),  as  well  as  the  principal   phenomenn  of  respiia- 

le  cistern  itself,  was  filled  with  dis-  tion,  yet  that  a  small  ouatitity  of  ear* 

tilled  water,  and  had  a  plant  of  Water-  bonic  acid  is  given  on  by  tna  imnm 

mint  floating  in  it ;  the  other  glass  (B)  both  dav  and  night.    Henoe  Pwtimm 

was  filled  with  carbonic  acid.     The  Burnet  has  suggested  that,  under  Um 

water  of  the  cistern  was  protected  from  name  of  respiration,  two  distinet  flme- 

the  action  of  the  atmosphere  by  a  deep  tions  are  confounded,  and  that  reqwa- 

layer  of  oil.    The  apparatus  was  ex-  tion,  properly  so  called,  which  eoittiits 

posed  to  the  sun.    The  carbonic  acid  in  the  extrication  of  carbonic  acid,  if 

m  the  glass  B  diminished  daily,  as  was  incessantly  in  action ;  while  di|toiHoo, 

obvious  from  the  water  rising  in  it ;  which  is  indicated  by  the  decomposi- 

and  at  the  same  time  there  rojie  to  the  tion  of  carbonic  acid  and  extri^GtiiMi  of 

top  of  the  Rlass  A  a  quantity  of  oxy-  oxygen,  takes  place  exdusiv^y  in  day- 

gen^  sensibly  equal  to  the  quantity  of  light. 

carbonic  acid  absorbed.  During  the  That  the  direct  beams  of  the  mm  are 
twelve  days  that  the  experiment  was  not  indispensable  to  it  under  oidimury 
continued,  the  Mint  plant  remained  in  circumstances  is  proved  by  the  power 
^ood  health ;  while,  on  the  contrary,  a  of  plants  to  form  green  matter,  wbk^ 
similar  plant,  placed  under  a  glass,  is  fixed  carbon,withoutbein^exposedto 
filled  with  distilled  water  only,  had  dis-  the  sun,  as  we  daily  see  in  individhials 
engaged  no  oxygen,  and  exhibited  ma-  growing  in  the  shade ;  so  that  it  would 
nifest  signs  of  decomposition.  The  appear  that,  in  our  experiments,  plants 
same  experiment  having  been  tried,  are  not  precisely  in  a  condition  equivsr 
only  employing  oxygen  in  the  place  of  lent  to  what  is  natural  to  them.  The 
carbonic  acid,  no  gas  was  disengaged  paleness,  the  want  of  strength,  the 
in  the  glass  that  contained  the  Mint  scentless,  tasteless  character  of  soch 
P^^n^:  .  plants  may,  however,  serve  to  convince 
This  is  sufficient  to  show  that  the  us  that  they  have  far  less  power  of  de- 
green  parts  of  plants  exposed  to  the  composing  carbonic  acid  than  if  they 
sun  decompose  carbonic  acid.  By  grew  in  the  sunshine, 
others,  not  less  ingenious,  it  has  been  From  whence,  it  may  be  inquired,  is 
ascertained  that  the  carbon  which  is  the  large  quantity  of  carbonic  acid  ob- 
the  result  becomes  fixed  in  the  plant  tained  which  is  thus  neceaaaiy  to  the 
itself.  It  has  been  found  that  Peri-  support  of  plants  ?  Certainly  not  from 
winkles  growing  where  carbonic  acid  the  a;tmospWe  alone,  for  U  does  not 
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iifiially  eonUin  more  than  one  part  in  it  is  certain  that  earhonie  acid  is  in  so 

two  thousand  of  carbonic  acid.  There  great  a  degree  the  nutriment  of  plants, 

can  be  no  doubt  that  this  gas  is  sup-  and  although  Theodore  de  Saussure 

plied  prindpally  by  the  earth,  in  which  ascertained  that,  in  the  sunshine,  plants 

it  exists  in    great  quantity;    that  a  thrive  in  an  atmosphere   containing 

part  is  obtained  from  the  atmosphere ;  twelve  per  cent,  of  carl>onic  acid,  yet 

and  that  a  certain  other  portion  results  the  same  observer  found  that,  in  the 

ftom  the  combination  of  the  oxygen  shade,  the  smallest  dose  added  to  what 

of  the  atmosphere  with  the  carbon  of  is  ordinarily  present  in  the  atmosphere 

"vegetation ;  and  it  would  seem  as  if  a  was  deleterious, 

repeated  decomposition  and  recompo-  As  plants  part  with  carbonic  acid 

stion  of  carbomc  acid  was  the  princi-  and  inhale  oxygen  at  night,  some  per- 

pal  phenomenon  in  respiration.  When  sons  have  fancied  that  they  must  ren* 

we  consider  how  essential  it  is  for  roots  der  the  air  of  a  room  unwholesome; 

to  be  near  the  surface  of  the  soil,  that  but  if  we  remember  that  a  single  hu- 

ia»  within  reach  of  atmospheric  air,  and  man  being  will  vitiate  the  atmosphere 

that  in  all  plants  the  prmcipal  part  of  infinitely  more  than  a  hundred  plants, 

the  roots  has  a  horizontal  direction  be-  we  shall  not  attach  much  importance 

low  the  surface,  we  shall  see  at  once  to  this  opinion.    If  it  is  vitiated  at  all 

the   probability  that   this    tendency,  by  flowers,  it  is   by   their   powerful 

when  we  connect  it  with  the  preceding  odours,  which  in  many  cases  act  upon 

facts,  is  given  them,  in  order  that  they  the  nerves,  and  so  prove  inconvenient 

may  be  favourably  situated  for  the  ae-  to  delicate  persons. 

cesfl  of  the  carbonic  acid,  either  formed  What  we  now  have  seen  of  the  action 

in  the  soil  by  fermentation,  or  produced  of  the  leaves  and  green  parts  of  plants, 

by  the  combination  of  the  oxygen  of  will  enable  us  to  appreciate  the  adap- 

the  atmosphere  with  the  carbon  of  the  tation  of  their  internal  structure  to  per- 

■oiL    Theodore  de  Saussure*s  experi-  form  their  functions.    We  have  found 

ments  completely  prove  this.  them  to  consist  of  a  number  of  little  cells 

Hence  it  appears,  that  while  animals  or  bladders,  so  loosely  cohering,  that  the 
Tiliate  the  atmosphere  by  respiring  air  has  room  for  free  circulation  between 
carbonic  acid,  plants  purify  it  by  al^  them ;  and  that  by  the  way  in  which 
■orbing  it.  It  may  be  said,  indeed,  that  they  are  arranged,  they  present  the 
they  also  deteriorate  it  by  abstracting  greatest  possible  surface  to  the  action 
its  oxygen :  but  it  is  to  be  remembered,  of  the  atmosphere.  Although  they 
that  if  they  inhale  it  at  night,  they  re-  are  inclosed  in  a  thick  cuticle,  yet  they 
turn  it  in  the  day-time ;  and  Dr.  Dau-  are  provided  with  openings  through  i^ 
beny  has  ascertained  that  the  slight  called  stomates,  by  means  of  which 
diminution  of  oxygen,  and  increase  of  free  admission  for  air  is  secured,  and 
carbonic  acid,  which  takes  place  during  through  which  it  may  be  expelled 
the  night,  bears  no  consiaerable  pro-  again  with  facility;  when  ihty  are 
portion  to  the  degree  in  which  the  submersed,  and  are,  consecjuently,  nei- 
contraiy  effect  is  observable  during  the  ther  exposed  to  irregularities  ot  tem- 
day.  Thus  Providence  provides  a  liv-  perature  nor  of  dryness  in  the  air,  they 
ing  check  upon  miasmata,  and  has  nave  no  occasion  for  either  cuticle  or 
admirably  arranged  that  one  of  the  stomates,  for  the  water  in  which  they 
kingdoms  of  nature  should  render  and  float  carries  the  air  dissolved  in  it  to 
maintain  the  world  in  a  state  habitable  every  part ;  and,  consequently,  sub- 
by  the  other.  mersed  plants  have  neither.    It  is  true 

It  has,  indeed,  been  supposed  hj  that  M.  De  Candolle  entertains  doubts 
some  French  botanists,  that  in  the  be-  whether  the  stomates  are  not  rather 
ginning,  the  world  had  an  atmosphere  oigans  of  evaporation ;  but  when  we 
so  highly  charged  with  carbonic  acid,  consider  the  relation  they  bear  to  the 
as  to  be  unfit  for  the  respiration  of  any  air-cavities  in  leaves,  we  can  scarcely 
animals  of  a  higher  order  than  mol-  doubt  that  they  are  really  respiratory 
luses ;  that  plants  gradually  purified  organs ;  nor  does  it  appear  clear  why 
it,  depositing  in  the  earth  the  carbon  they  should  not,  in  fact,  perform  the 
thus  abstracted  in  the  form  of  coal,  functions  l>oth  of  perspiration  and  re- 
till  the  air  became  fit  to  be  breathed  spiration.  If  we  hold  a  leaf  of  Laurus- 
by  reptiles,  then  by  mammals,  &c.,  tmus  over  a  candle,  so  as  to  heat  the 
IMid  l|lst  of  all  by  man.    But  although  air  contained  in  it,  withQMtb\u\vv\^VVw^ 


leaf  itself,  the  air  will  be  expelled 
through  the  itamates  with  such  force 
&■  to  extinguish  the  flame. 

With  regard  to  narls  not  green, 
Which  botanists  usually  call  coloured, 
their  function  seems  to  be  to  absorb 
oxygen  without  fixing  it,  and  they  ap- 
pear to  possess  DO  pDtver  of  decom- 
posing carbonic  acid  when  they  have 
formed  It.  Such  is  said  to  be  the  case 
with  roots,  old  trunks,  petals,  stamens, 
ripe  fhiits.  Mushrooms,  and  certain 
Lichens.  Apart  of  their  carbonic  aeid 
escapes  into  the  air,  a  part  k  dissolved 
in  their  fluids,  espedally  in  the  roots, 
whence  it  passes  upwards  into  the 
system.  Flowers  are  said  to  replace  a 
amall  part  of  the  oxygen  they  abstract 
by  an  exhalation  of  nitrogen. 

Cukt^^a,  VI. 


CoHPAKBD  with  that  of  animals,  there 
i«  no  such  thing  as  acircutation  in  the 
fluid  matter  of  vegelation ;  that  is  to 
say,  a  movement  tnroughout  the  sys- 
tem from  and  to  one  common  point 
has  no  existence.  This  would  be  im- 
pDl^sible  from  the  absence  of  any  cum- 
mon  seat  of  life,  and  from  the  exoeed- 
ingly  compound  nature  of  a  plant, 
which  does  not  consist  of  a  single  sys- 
tem of  growth,  but,  like  a  Polype, 
must  be  considered  as  composed  of 
myriads ;  for  each  bud  has  a  system 
of  eircidation,  growth,  respiration,  and 
digestion  of  its  own,  and  a  plant  is 
nothing  but  a  great  number  of  such 
systems  combined  under  one  common 
onticle,  and  living  in  concert. 

But  although  we  cannot  compare 
the  movement  of  vegetable  fluids  to 
the  eirculntion  of  the  blood,  yet  it  is 
undoutned  that  a  constant,  and  soma- 
times  a  very  powerful,  motion  takes 
place,  by  virtue  of  which  th«  sap  ab- 
sorbed by  the  roots  rises  up  the  stem, 
passes  into  the  leaves,  flows  back  in 
an  altered  state  into  the  bark,  and 
thence  descends  towards  the  roots. 
Otherwise  there  would  ha  no  means  by 
Which  the  roots  covild  support  the 
leaves  at  such  considerable  distances 
as  the  spongelets  and  the  tiny  foliage 
are  sometimes  separated.  In  the  Pines 
of  North  West  America,  for  instanoe, 
leaves  are  supplied  with  food  by 
■poagelets  which,  tw  calculation, 
mast  be  loru  hundred  feet  distaat; 


and  as  such  leaves  are  oflen  not  mm 
than  half  an  inch  long,  the  force  rf 
motion  in  the  sap  must  be  very  great, 
which  will  enable  the  leaves  Id  derive 

support  from  a  distance  nearly  ten 
thousand  times  greater  than  their  own 
length.  In  fiot,  if  we  wound  a  tree 
durmg  the  leaflng  season,  the  rapid 
manner  in  which  the  sap  will  flow 
from  the  lower  lip  of  the  wound  brings 
the  phenomenon  distinctly  before  our 

The  force  with  which  the  sap  lises 
has  been  the  subject  of  some  curious 
experiments,  one  of  the  most  initruel- 
ive  of  which  is  the  following  of  Hales, 
which  we  give  in  his  own  words:— 
"April  the  6lh,  at  <>  a.m.,  rain  the 
evening  before.  I  cut  off  a  Vine  on  a 
southern  aspect  at  a  {Jig.  94),  8  feet 
S  inches  from  the  ground :  the  remain- 
ing stem  a  b  had  no  lateral  branches, 
it  was  I  inch  diameter;  I  fixed  on  it 
the  mercurial  gage  ay.  At  II  A.m. 
the  mercury  was  risen  to  z,  IS  inches 
higher  than  in  the  leg  i",  being  pushed 
down  at  x  by  the  force  of  the  sap 
which  came  out  of  the  stem  at  a. 
Fig.  94. 


"At  A  p.H.it  was  sunk  an  inch  in  leg 
zy.  April  7th,  at  8  A.if.,  was  risen 
yery  little,  a  fijg;  at  II  a.x.  'tb  17 
inches  high,  and  the  fog  gone.  April 
loth,  at  7  A.II.,  mercury  IS  ineties 
high;  I  then  added  more  mooury, 
■0  as  to  make  the  surface  «  S3  inches 
higher  than  x ;  the  sap  rctreatMl  very 
little  into  the  stem,  upon  this  addi- 
tional weight,  which  shows  with  what 
an  absolute  force  it  advances ;  at  noon 
itwas  sunk  one  inch.  April  nth,  at  7 
A.1I,,  34 +  i  inches  high,  sunshine;  at 
3  fM,  18  inches  high.  April  I4tli,  at 
7  A,t[.,  SQ-ti  inches  highi  at  9  am. 
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Sft-f-^'flne  warm  ranihine;   here  we  Aorogens,  we   know    nothing  worth 

•«•  that  the  warm  inoming  sun  gives  etating. 

a  ft«sh  vigour  to  the  sap.  At  11  a.m.  But  if  we  cut  through  the  wood  of  a 
thasame  day,  16+|»  the  great  perspi-  growing  tree  obliquely,  so  as  to  form 
fation  of  the  stem  makes  it  sink,  a  tangental  line  within  its  circumfe- 
April  16th,  at  6  a.m.,  19+4train;  at  tenee,  we  shall  remark  a  quantity  of 
4tm,  13  inches.  April  17th,  at  11  ilukl  oosing  from  the  fkce  of  the  wound, 
AJM.,  244-i  inch  high,  rain  and  warm ;  especially  on  the  fkce  next  the  bark ; 
at  7  P.M.  S9+4t  fine,  warm,  rainv  wea-  and  if  the  tree  is  preserved  in  health, 
tlier,  which  made  the  sap  rue  sll  day,  the  matter  from  trie  latter  part  will 
there  being  little  perspiration  by  rea-  continue  to  ooze  out  during  the  re- 
•on  of  the  rain.  April  18th,  at  7  A.ir.,  mainder  of  the  season,  forming  a  crust 
3S-t-i  inches  hiffh,  and  would  have  of  elaborated  matter.  Hence  we  must 
riaea  higher  if  there  had  been  more  concUide,  that,  independentlv  of  the 
OMroniy  in  the  guage ;  it  being  all  ascent  through  the  sap-wood,  and  the 
forced  into  the  leg  y#.  From  this  descent  through  the  bark,  there  must 
time  to  May  6th,  the  force  gradually  be  also  a  lateral  transmission  from  the 
deereased.  The  greatest  height  of  the  bark  inwards. 
nitrcmry  being  32 +4  inches ;  the  force  What  has  just  been  stated  belongs  to 
of  the  sap  was  then  equal  to  36  feet  the  unquestionable  fiicts  in  Vegetable 
5'¥^  incMS  height  of  water.  Here  Physiolo^;  through  what  particular 
the  ibne  of  the  rising  sap  in  the  forms  of  tissue  sap  moves  is  fkr  less  cer- 
mommg  is  plainly  owinir  to  the  energy  tain.  It  is  not  to  be  doubted  that  the 
of  the  root  and  stem.  In  another  like  aap  ascends  by  the  woody  tissue,  as  is 
vannirial  guage  (ftxed  near  the  bottom  proved  by  coloured  infusions  which  are 
of  a  Vine  whidi  ran  20  feet  high),  the  forced  to  ascend  by  artificial  means ; 
noeary  was  raised  by  the  force  of  the  but  whether  through  the  tubes  of 
aap  38  inches,  equal  to  43  foet  +  3  woody  fibre,  or  by  the  intercellular 
inches  -f-  ^  height  of  water,  which  passages,  has  not  been,  and  probably 
force  is  near  five  times  neater  than  the  cannot  be,  decided.  It  is  also  a  ques- 
force  of  the*  blood  in  the  great  crural  tkm  whether  it  ascends  or  not  by  the 
artery  of  a  horse ;  seven  tmies  greater  dotted  ducts  and  the  vessels ;  there 
than  the  force  of  the  blood  in  the  like  can  be  no  doubt  that  these  parts,  with 
artery  of  a  dog ;  and  eight  times  the  exception  of  the  spiral  vessel,  ap- 
grcater  than  the  blood's  force  in  the  pear  to  oe  filled  with  fluid  when  the 
aama  artery  of  a  foUow  doe.**'f^i(g#-  sap  is  in  its  most  rapid  course ;  but  it 
JMe  8iatie9y  p.  106.  is  equally  certain  that  the  dotted  ducts. 
Through  what  routes  the  sap  passes  at  least,  are  empty  afterwards :  are  we 
ia  a  more  easy  Question  to  resdve.  If  to  conclude  that  these  forms  of  tissue 
we  cut  a  stem  tnrough  about  the  leaf-  perform  one  fonction  in  the  spring,  and 
ing  season,  we  shall  find  the  albumen,  another^  in  the  autumn ;  or  are  we 
or  sap-wood,  discharging  a  great  quan*  rather  to  suppose  that  the  appearance 
tity  of  fluid ;  the  heart-wood  less ;  and  of  beini^  fllled  with  fluid,  wnich  they 
jthe  bark  none  at  all.  If  we  simply  exhibit  m  the  spring,  is  owing  to  the 
make  an  incisk>n  into  a  tree,  the  bi^h  wounded  vessels  in  their  neighbour- 
wood  wUl  give  out  sap  in  abundance  liood  overflowing  into  them  when  ctit 
Aom  the  lower  lip  of  the  wood ;  the  through  ?  There  is  no  satisfactory 
iiark  none  whatever.  But  if  we  ex-  answer  to  this  as  yet  upon  record.  In 
eunine  the  same  parts  in  the  same  way  its  downward  descent  it  may  be  rea- 
mt  a  hUer  period  of  the  year,  the  upper  sonably  assumed  that  both  the  fibrous 
•lip  of  the  wounded  bark  will  discharge  and  cellular  parts  of  the  tissue  assist 
%  quantity  of  fluid,  but  the  lower  none,  in  its  convejrance ;  but  it  is  to  be  sus- 
.Vaiy  thM  experiments  as  we  please,  pected,  that  although  we  speak  of  them 
mod  the  xesuit  is  always  the  same,  in  this  general  manner,  yet  that  in 
Henea  we  are  forced  to  conclude,  that  reality  these  two  forms  of  tissue  do  con- 
in  Sxogens  the  sap  rises  through  the  vey  different  kinds  of  fluid ;  because  we 
sap-wood,  and  descends  through  the  flnd  certain  secretions  most  abundant 
hnk ;  not,  however,  through  the  sim-  in  the  bark,  such  as  gum,  and  others, 
nfood  csduaively,  but  through  all  the  such  as  astringent  matter,  equally 
parts  of  the  wood  which  are  not  abso-  abundant  in  both  the  wood  and  the 
lutely  choked  up  with  deposited  mat-  bark.  Perhaps  the  w^Md^^i>st^^^\Mdcv\% 
ter.   Of  ita  couMs^ -in  Endogena  and  ll0tdiM«ayoQlnn!^\aAlll^S^>^TDA^2^^ 
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l»ry  processes,  brinsifs  downwards  cnm-  only  pain*  colour  m  the  black  nJ)- 

my  and  similar  mutters,  while  others  stance  is  generated  in  Ihe  lea»e»  di*- 

pBSBfreelydownthecelhilftttisiue.  The  charged  into  the  bark,  impelled  into 

medullary  processes  undoubtedly  cany  the  medullary  processes,  and  by  them 

on  the  horiionlal  transmission, and  are  deposited  in  the  wood.  Plunge  a  piece 

the  means  by  which  the  circumference  of  ebony  into  hot  nitric  acid  for  a  few 

oommunicates  with  the  centre  of  a  minutes,  Ihe  colouring  matter  will  be 

trwe.    This  their  position,  the  direction  discharged,  and  the  tissue  will  be  re- 

of  their  tissue,  and  their  appearance  stored  to  the  slate  of  sap-wood, 
during:  the  growing  season,  render  suf-        Besides  this  kind  of  general  motion. 

ficiently  manifest.  which  seems  in disi>en sable  to  the  vecy 

From  the  lalest  experiments,  and  existence  of  a  plant,  and  which  our 

the  best  conducted  argumcnta,  it  would  reason  would  have  told  us  must  exist, 

•eem  that  Ihe  cause  of  the  movement  if  our  experiments  failed  in  reTealing 

of  the  sap  upwards  is.  as  far  as  we  it  to  our  sitsht,  there  is  another  whioB 

have  any  means  of  assigning  an  im-  no  force  of  reasoningcould  have  led  ui 

mediate  cause  to  the  phenomenon,  the  to  expect,  and  which  is  altogether  of  a 

development  of  the  buds  and  leaves,  local  and  partial  character.     It  wm 

When  a  young  bud,  or  a  leaf,  is  first  originally  ascertained  by  Amici.  that 

excited  to  growth  in  the  spring,  the  in  theChara  plant  there  is  a  curiotu 

fluids  it  contains  are  increased  in  den-  rotatory  motion   in   the  fluid  of  each 

sity  by  evaporation ;  endosmose  imme-  cell  of  which  that  plant  consists.    It 

diately  takes  place  between  it  and  Ihe  may  be  described  as  a  revolving  tnore- 

tLisue  below  it,  which  latter  parts  with  ment   round  the  inside  of  each  eeB, 

the  thinnest  portion  of  its  contents,  ascending  on  one  side  and  descending 

And  then  acts  by  endosmose  upon  the  on  the  other,  with  an  occasional  irre- 

tissue  below  it,  and  thus  the  whole  gular  interchange  of  matter  between 

chord  of  vegetation  is  set  in  vibration,  Ihe  sides  ;  and,  what  is  very  curious 

if  we  may  so  express  it,  from  the  ex-  the  ascending  current  is  uniformly  oa 

tremity  of  the  branches  to  the  points  that  side  of  each  cell  which  is  most 

of  the  root ;  the  moment  the  sponge-  remote  from  the  axis  of  growth,  and 

lets  are  affecled,  the  fluid  in  the  soil  is  consequently  the  descending  current 

attracted  through  their  sides,  and  thus  is  on  the  side  nearest  the  axis.     Some 

a  complete  motion  througliout  Ihe  sys-  excellent  observalions  upon  this  phe- 

tern  is  established.     Hence  the  leafing  nomenon,  bv  Messrs.  Solly,  Slack  and 

of  trees  is  not  the  effect  of  the  ucent  Varley,  will  be  found  in  the  TVtuww 

of  the  sap,  as  it  is  usually  thought  to  tiom  of  tha  Society  qf  Art*,  vol.  xlix. 

be,  but  the  cause  of  it    It  may  be  to  which  we  would  espeeisllf  direct 

■upposed  that  the  mere  eSbct  of  gravi-  the  attention  of  the    reader.      After 

taiion  will  carry  downwards  the  sap  in  finding  it  in  Chara,  and  its  kindred 

its  densest  state  alter  it  has  ceased  to  genus  Nitella,  it  was  discovered  in  the 

obey  the  attraction  of  the  leaves,  and  cells    of    the     Frogbit    (Hydrochaiu 

that  it  will  descend  by  simple  filtration  Morsus  Ranee),  a  common  w»ter-pUnt; 

till  it  reaches  the  roots ;  but  how  we  and  in  the  hairs  of  so  manjr  spectes; 

are  to  account  for  its  lateral  transmis-  that  we  are  led  to  auspect.it  to  be  a 


The  sap  of  plants  then  ascends  in  but  of  universal  occurrence ;  and  that 
its  crude  state  through  the  sap-wood,  it  may  be  connected  with  the  assuoi- 
and  reaches  ihe  leaves ;  is  there  finally  lations  of  fluid  and  gaseous  matter  by 
decomposed,  assimilated,  and  inspis-  the  tissue  :  it  may,  in  fact,  be  a  move- 
sated  ;  is  discharged  back  into  the  ment  of  digestion,  going  on  by  night 
bark ;  setlles  downwards  towards  the  as  well  as  t^  day.  A  vial-microsoope, 
roots ;  and  passes  off  laterally  by  the  for  the  express  purpose  of  ahowing 
medullary  passages  into  the  heart-  these  motions,  has  oeen  ingenk>ntlf 
wood.  Heart-wood  is,  in  truth,  no-  contrived  by  Mr.  Varlejr,  and  may  be 
thing  but  sap-wood  consolidated  by  procured  from  the  optical-instnunent 
the  addition  of  secreted  matter,  and  makers.  It  is  fully  described  in  the 
may  always  be  restored  to  the  stale  of  50th  volume  of  the  rnin«aeiMM«q^<A« 
sap-wood  bv  any  solvent  of  the  secreted  Society  of  Art*. 
matter.  Ebony,  for  example,  is  jet- 
l^iuki  whenyoaog  it  ia  yrMish,  tai.  it  .  -^-»               .    . 


BOTANY.  ft) 

or  cells,  arranged  parallel  to  il$  baBis. 

ChaWerVIT.  The  (wo  cells  which  terminate  each 

nr.i.    n      .r    j-n.     .  row,  onc  to  the  rieht.  the  Other  to  the 

Of  the  Growth  of  PlanU,  ,e,t,  an-  inflated  and  conical,  and,  con- 

trsftNiNo  the  precise  manner   in  tequently.  form  two  marginal  projec- 

■\t  new  cells  or  tubes  of  tissue  are  tioni.    The  live  rows,  a,  6,  e,  d,  e,  are 

rated,   little  very    satisfactory    is  united    without     intennedinte    tissue. 

vn.    By  some  it  has  been  fancied  The  older  lobe,  fig.  9S,  I),  shows  nine 

theywereproducedbytheextrica-  rows,  a,  f,  b,  g,  e.h,  d.i.e,  of  cells, 

of  ^leous  matter  in  solidiflable  placed  parallel  with  its  base.     Five  of 

in;  others  have  hardily  asserted  these  rovfs,  a,  6, c,(J,«,  terminate,  right 

the  minute  green  globules,  which  and  left,  by  a  marginal  cone,  formed  of 

Ind  sticking  to  the  sides  of  tissue,  a  single  cell, or,  which  is  more  usual, of 

roung;  celU  or  tube*,  and  that  they  two,  three, or  four  cells  attached  end  to 

r  th>m  their  mother-cells  as  seeds  end.     The  fourotherrows  of  cells,/.  ^, 

r  from  their  placenta;  suffice  it  to  A,  t,  are  placed  between  the  first,  so  aa 

that  these  are    mere  attertiont.  to  alternate  with  them,  and  the^  have 

that  we  really  know  about   the  no  marginal  appendages.     It  is  evi- 

ter  is  this :  that  in  Chara  and  Ni-  dent,  notwithstanding  the  aiigmenta- 

i,  young  cells  appear  like  buds  at  tton  of  the  numlwr  of  the  cells,  that 

pmnt,  or  axils  of  older  cells,  and  the  five  rows,  a,  6,  e,  d,  e,  of  fig.  9S,  B, 

Iiudlyleni;:thenoutintothe  tubular  and  their  conical  appendages,  repre- 

I  peculiar  to  those  plants  ;  and  that  sent  the  five  rows  of  cells,  a,  b,  e,  d,  a, 

Farchantia  polymomha  they  have  of  ^.  9s,  A,  with  their  marginal  pro- 

1  seen,  by  Mirbel,  to  form  in  a  some-  jectioni,     But  the  four  alternate  rows, 

I  similar  manner.    He  states  that  /.  g.  A,  t,  of  ^^,  9S,  B,  have  no  repre- 

M  of  that  plant,  such  aa  is  repre-  tentativesin  A;  andas  the  latter  is  the 

td  at  fig.  93,  A,  changed  to  such  a  younger  of  the  two,  ne  mast  conclude 

as  is  shown  at  B,  which  he  ex-  that  the  four  alternate  rows  of  the 

I*  in  the  following  manner.    The  otherlobeweredeveioped  suhsequentlv 

g  lobe.  A,  presents  on  its  surface,  to  the  formation  of  tne  five  lowa  vritn 

I  widest  part.flverowa,  a,6,e,(^«,  appendages. 

Fig.  95. 


e  have  quoted  this  at  full  length 
use  it  appears  to  be  the  most  im- 
int,  the  most  clearly  demonstrated, 
it  might  be  added,  the  only  tan- 
observation  that  has  yet  t>ecn 
!  concerning  the  development  of 
e.  If  it  does  not  eiplam  the  in- 
n  of  solids,  such  as  stems  and  the 
it  seemt  to  be,  at  leaat,  applicable 
avcfwidall  tbeiroismna;  the  iin- 


evenneit  of  whose  edges,  in  all  txuM 
seems  to  increase  the  probability  of 
their  really  being  developed  upon  this 
plan. 

When  a  branch  or  a  young  plant 
flnt  begins  to  lengthen,  it  is  merel)^  a 
bud,  repoeing  upon  a  certain  quantity 
of  cellular  tissue,  which  in  Esogena 
is  pith,  and  ■whwh  »  li^wKj*  V\tfi*i 
charged  witti4i»4.   'n«tMKOi«ft.\«^\ 


ftud  heat  are  sufficiently  powcrrul  to 
produce  a  decomposition  of  carbonic 
acid  and  a  thickening  of  tha  fluida, 
endosmose  is  set  in  action,  and  pro- 
duces a  current  from  below  upwards, 
which  is  variable  in  intensity  in  differ- 
ent species,  but  which  always  acts  as 
a  force  from  behind,  impelling  the 
tissue  in  the  direction  of  its  own  cur- 
rent. The  tissue  of  the  buds,  young 
and  soft,  and  scarcely  at  all  solidiHed 
by  tlie  deposit  of  carbonaoeous,  earthy, 
or  otlier  matters,  yields  freely  to  the 
impulse,  stretches,  len^hens,  and 
grows,  preserving  its  rcutdinear  direc- 
uon,  so  far  as  is  practicable,  consider- 
ing the  action  of  the  light  upon  it,  and 
the  unequal  carbonization  of  its  sides, 
But  the  instant  the  leaves  liegin  to  de- 
Telope,  they  decompose  carbonic  acid, 
assimilate  the  fluids  sent  into  them 
from  tho  stem,  evaporate  the  super- 
fluous moisture,  and  returning  the  in- 
spissated sap  downwards,  gradually 
harden  the  tissue  of  the  circumfer- 
ence. Thjis,  as  De  CandoUe  well  re- 
marlcN,  a  branch,  during  its  increase 
in  len^h,  is  under  the  influence  of  two 
opposing  forces ;  the  one,  from  below, 
aonening  ita  tissue  and  forcing  it  to 
lengthen  ;  the  other,  from  above,  soli' 
difying  it  and  rendering  it  incapable  o( 
elongation.  This  fact,  about  which 
there  can  be  no  doubt,  explains  how  it 
is  thnt  (he  branches  of  plants  growing 
in  wet  and  shady  places,  are  long,  suc- 
culent, and  brittle ;  while  those  pro- 
duced in  hot,  dry,  and  sunburnt  places, 
are  short,  stiff,  tough,  and  stunted.  In 
the  first  case  the  force  of  elongation  is 
not  sufllcienlly  overcome  by  the  de- 
composition of  carbonic  acid.  Sec,  and 
the  consequent  soliditication  of  the 
tissue;  in  the  latter,  ihe  force  fmrn 
below,  in  itself  is  feeble,  and  is  very 
much  overcome  by  the  powerfiil  action 
of  the  leaves,  and  the  degree  in  which 
all  the  parts  become  hardened.  It  is 
only  when  neither  shade  nor  sunlight 
are  in  excess  that  the  pliable,  tough, 
Bjid  evenly-formed  branches  of  trees 
are  produced.  When  the  force  from 
beiow  is  entirely  overcome  by  the  force 
fiom  above,  branches  cease  to  gruw. 

In  general,  plants  increase  but  litlie 
in  diameter  till  flieir  full  annual  length 
is  nearly  nifaiiied ;  but  a.-t  soon  as  that 
has  hiiiii-iT,.',  U'.v  i-ii];,M^v  sensibly, 
and  ofIci>  inpmii,  luiuuii^  woudy  mat- 
ter. In  what  manner  Ihia  is  brought 
about  has  been  a  fertile  subject  of  con- 
troftiay,  in  wJiich  ph/BologiaU  hsLT« 


scarcely  been  unanimous  in  anything 
till  lately,  when  they  seem  to  agree  in 
admitting  this,  that  wood  is  sent  down- 
wards from  the  leaves.  If  yon  tie  a 
ligature  lound  the  branch  of  an  Eio- 
gen,  the  diameter  above  the  ligature 
will  increase,  that  below  it  will  remain 
without  alteration.  And  if  you  wound 
an  Exogen  by  cutting  off  a  large  patch 
of  its  bai'k,  new  woody  matter  will 
form  upon  the  upper  lip  of  tlie  wound, 
and  no  where  else 

Fig  9C 


This  point  being  settled,  opinions' 
have  been  prctty  generally  divided  be- 
tween two  inferences  ;  the  one,  that 
wood  is  organized  matter,  sent  directly 
downwards  from  the  leaves  and  buds^ 
the  other,  that  it  is  produced  by  the  or- 
ganizable  matter  formed  in  the  leaves 
and  given  off  by  the  bark.  There  are 
difficulties  In  the  way  of  either  of  these 
suppositions  ;  but  those  relating  to  the 
first  appear  all  susceptible  of  aatisfae- 
tory  explanation  ;  while  nothing  like 
an  answer  has  been  made  to  the  objec- 
tions to  the  laller. 

If  you  take  the  branch  of  ft  Lilac 
when  it  is  just  clothed  with  leavea,  and 
while  Ihe  bark  will  freely  settBrate  IVom 
the  wood,nnd  peel  it,  you  will  find  ridgM 
of  tubes  ^assin^  downwards  tnan  each 
leaf,  turning  aside  iftg.  97)  At  every 


little  obstructioD.  re-uniting  all«r  the 
otwtacla  i*  paised,  and,  tomthar,  fbnn- 
ut&&ftnafibcwuc«aa  to  Uw  sHtyieeot 


j)OTAN¥.  •* 

he  previoas  yean    In  others*  eeedin^  directly  ffotn  thi  bods  tad 

may  be  traced  in  like  roan-  leaves, 

the  leaves ;  but  instead  of  We  must,  then,  adopt  the  following 

laralld  with  each  other,  they  theoiy  of  vegetable  growth,  whidi,  we 

1  other  diagonallv,  and  form  believe,  will  be  Umnd  conformable  to 

lozenge  work.    This  is  wholly  admitted  facts,  in  all  the  divisions  of  the 

t>le  upon  the  supposition  that  vegetable  kingdom.    A  plant  is  a  mass 

eposited  by  the  bark ;  but  it  of  cellular  tissue,  capable  of  expansion 

intelligible  if  the  wood  is  re-  and  growth  in  all  directions.    When 

I  an  organic  emanation  from  there  is  no  leaiy  system,  growth  is  in* 

of  the  leaves.    Again,  in  En-  definite,  and  not  carried  on  in  any  par« 

he  woody  fibres  may  be  dis-  ticular  direction,  and  no  woody  system 

raced  into  the  leaves,  from  is  formed ;  but  when  leaves,  are  deve« 

is  plain  that  they  originate ;  loped,  they  send  their  oiganie  fibres 

is  case,  at  least,  it  is  manifest  down  through  the  mass  of  eeUukuranb* 

voody  bundles  cannot  be  or-  staaceb  and  arrange  them  sometimes  in 

natter  deposited  by  the  bark ;  one  way,  sometimes  in  another; aeoofd^ 

are  in  the  centre,  while  the  ing  to  the  speeifie  powers  of  a  plants 

•i.  the  circumference.     We  Upon  tbia  suppositioii  Uie  stem  of  a 

cannot  resist  the  oondusbn  woody  niant  will  be  composed  of  two 

d  is  organic  matter  emitted  easenticMy  distinct  mtema ;  tiie  0110 

batsi  of  the  leaves,  passing  ceUular,  cooslituting  the  pith,  the  prin^ 

down  the  bark,  and  rendering  cipal  part  of  the  bark,  and  the  mcdnl^ 

fibrous,  but  principally  con-  lanr  pioecssei  (if  an  SKCf(tn),  and  ca^ 

he  wood.  panic  of  gicwth  in  all  directions ;  the 

itThouars,  indeed,  went  so  ikJT  other  fibrO-'vasenlar,  compmmg  the 

ert  that  wood  is,  in  IM»  com-  wood  and  apartof  the  back,  and  capa<* 

the  roots  of  buds  and  leavesg  ble  of  growth  kngitudtaally  on^.    It 

bck>w  a  common  bark,  and  will  be  ibund  thai  this  will  answer 

ts  are,  in  ikct,  communities  of  all  the  objcetbns  which,  have  been 

Is,  each  having  an  indepen-.  made  to  woodbeing  an  organic  emana* 

itence,  althoi^£  combined  in  tion  ci  the  leaves, 

non  system.    When  wc  con-  The  fbUowing  is  a  fkYonrite  atgn^ 

kt  buds  have  the  power  of  mentwiththcsewho  belisva  woodto 

roots  when  cut  off  the  plant  be  a  superficial  deposit  from  the  bark, 

they  grew;  that  in  the  Dra-  If,  say  tney,  a  ring  cf  bark  is  removed 

if  one  bud  vegetates,  upon  a  from  a  mapla^tree,  whose  wood  is  white, 

herwise  dead,  as  somiftimes  and  its  place  is  caiefuUy  supplied  by  a 

the  bud,  having  no  longer  a  rmg  0f  bark  from  a  maple  whose  wood 

vital  systems  with  which  it  is  red,  the  new  bark  will  adhere  to  the 

ibine,   sends  out  undoubted  old  wood^  nniting  organically  with  it, 

leath  the  bark,  instead  of  the  so  thai,  cstsmally,  the  wound  iHU  be 

>ies  that  it  would  have  emit*  scarcely  seen.    Let  a  tree  thus  treated 

r  ordinary  circumstances ;  and  be  allowed  io  grow  for  a  year  or  two, 

other  cases,  when  wood  has  and  a  quantity  of  wood,  venerated  in 

living  buds  have  ioimcd  asort  the  leaves,  wifl  be  frmnd  oeneath  the 

{led  sheath  of  roots  by  the  ring  of  the  red-wood  maple ;  and  being 

natter  they  have  soit  down-  the  prodoce  of  lea«res  and  buds  fiir- 

when  we  seriously  consider  mshmg  white  wood,  it  should  be  white 

Dgs.  it  is  impossible  not  to  ad-»  also^  -it  indeed,  those   organs  really 

genius  which  led  Du  Petit  have  the.powerof  ^[enerating  wood  as 

to  advance  so  bdd.a  doctrine*  is  supposed.    But  it  will  be  found  that 

iult  not  to  assent  to  its  truth.  ted  wood  will  have  been  formed  below 

at,  however,  embarrassin(|p  our-  the  red  bark ;  therefore  wood  is  a  de^ 

ith  this  speculation,  which  is  posit  from  the  bark.    This  is  one  of 

inch  practical  importance,  it  those  forms  of  folladons  reasoning 

afoly  asserted  that  there  is  no  which  an  the  best  cakndated  to  catch 

y  of  accountiujg  for  all  the  the  unwary^  but  which  will  not  bear 

na  connected  with  the  fonna*  examination.    The  facts  stated  in  it 

rood,  wfUiout  understanding  it  are  true«  but  the  inforsnoe  is  folse#  as 

dMcd  by  ovganic  matter  PAN  wiU^bc  hrtcU^s^hlAfiOA^M%$itfi^^ 


M 
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diagraai : — ^Lel  the  letten  a,  b,  e,  d 
(Jig.  93)  represent  a  ifectioa  of  a  tree, 
round  whose  wood  (a  e  and  bd)  t^  ring 
of  red  bark  {e  e)  has  been  made  to 
grow.  As  soon  as  the  diameter  of  such 
a  piece  of  wood  oommenoes  to  increase, 
it  IS  by  a  double  action ;  the  first  aris- 
ing from  the  horizontal  expansion  of 
the  cellular  system  of  the  bark  and 
medullary  processes,  which  will  remove 
the  bark,  a,b,e,  d  to  /^  g,  h^  i;  and 
consequently  the  red  rinc  e  will  adrance 
to  k ;  the  second  depends  upon  the  in« 
troductk>n  of  the  ftbro-Tascular  system 
of  the  wood  longUudinaUlf  among  the 
borisontal  svstem,  to  make  room  for  the 
former  of  wnich,  the  latter  is  constantly 
growing.  Now  the  colour  of  young 
wood  depends  entirdy,  and  of  old  wood 
in  a  great  degree,  upon  the  colour  of 
the  medullaiy  processes  or  horisontal 
eellular  system;  and  consequently  as 
the  ring  of  red  bark,  which  is  a  part  of 
the  same  system,  has  grown  outwards 
(that  is  from  0  to  A)  as  the  tree  has  in* 
creased  in  diameter,  it  would  necessa- 
rily form  a  sone  of  red  matter  below 
it ;  and  this  would  not  be  in  the  least 
interfered  with  in  appearance  by  the 
new  wood  descending  Arom  above,  be- 
cause the  latter,  being  colourless,  would 
derive  its  colour  from  the  horiiontal 
system  of  the  medullary  rays,  through 
which  it  would  pass  in  its  descent. 

i^.98. 


In  like  manner  all  other  objections, 
however  plausible,  which  have  as  yet 
been  made  to  this  view  of  the  origin  of 
wood,  are  to  be  answered  with  equal 
iacility. 

It  IS  not,  perhaps,  of  any  practical 
importance  to  ascertain  which  theory  of 
the  origin  of  wood  is  the  most  correct, 
now  that  physiologists  are,  at  all  events, 
agreed  upon  its  being  produced  in  some 
way  by  the  action  of  leaves  freely 
exposed  to  sun  or  bright  light.  And 
this  is  abundantly  sufficient  to  show 
the  cultivators  of  trees  the  great  im« 
portance  of  thinning  their  pUintatious 


eaiefdly,  without  having  raeomtf  td 
severe  pruning,  which  necesaarOy  di- 
minishes the  power  of  the  plast  to 
form  wood,  because  it  defNivei  it  of  ths 
leaves  by  which  exdusively  wood  is 
generated. 

Cbaptbe  VIIL 

0/  ih$  Belation  of  VigeiaHon  to 
Seoiom. 

Rbposb  fipom  growth  seems  pcrio^Ueallv 
necessary  to  most  |>lants»  ud  aeeora- 
ingly  we  find  there  is  no  eoantiy  with- 
out a  season  of  growth  and  a  season  of 
rest— whether  tney  are  called  by  the 
name  of  wintw  and  summer,  or  iminf 
season  and  dry  season.  This  foct  is 
connected  with  several  conaidetalioM 
to  which  we  have  not  yet  adverinL 
What  is  about  to  be  said  has  lefeveMS 
to  the  seasons  of  the  North  of  Bvrape: 
it  is  left  to  the  reader  to  ap^v  the  ob« 
servations  to  the  climate  of  otoer  paiti 
of  the  world. 

In  the  winter,  we  commonly  Mf  flist 
all  vegetatk>n  is  at  rest,  that  tM  mf 
ceases  to  flow,  new  parts  to  be  deve- 
loped, and  old  parts  to  enlarge.  ButtUe 
is  not  exactly  true.  It  apfNeaie,  from  ex* 
periment,  that  vegetation  is  at  all  times 
more  or  less  active ;  and  that  vre  oeight 
to  say,  that  it  is  languid  in  winter,  and 
energetic  in  the  spring  and  amnmer. 
The  fact  of  many  plants  retaining  their 
leaves,  of  others  swelling  their  bndi, 
and  of  all  forming  an  addition  moie  or 
fess  considerable  to  the  points  of  thrir 
roots  during  winter,  sufficiently  attest 
the  movement  of  the  fluids,  and  the 
existence  of  vegetation  even  at  that 
season.  This  is  further  proved  by  the 
well-known  fact,  that  ^trees  planted  io 
the  autumn  become  turgid  with  the 
fluid  absorbed  bjr  their  roots  during 
winter ;  and  as  it  appears  from  the 
French  newspapers,  by  some  recent 
experiments  of  M .  Biot,  who  is  repre- 
sented to  have  succeeded  in  obtaining 
a  flow  of  the  sap  from  certain  trees  in 
mid-winter. 

But  whatever  power  of  attracting 
sap  by  its  roots  a  plant  may  possess 
during  winter,  it  is  obvious  that^it 
has  httle  means  of  parting  with  any 
part  of  it  again  by  evaporation  at  that 
period  of  the  year ;  so  that  during  the 
winter  the  whole  of  the  tissue  must 
gradually  acquire  a  state  of  tuigidity 
which  will  go  on  increasing  tifi  the 
leaves  and  new  branches  are  developed 
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and  carry  off  the  sap,  or  decompose  and  the  branches  alone  is  quite  sufficient  to 

atnimilate  it.  determine  and  maintain  all  the  pheno- 

This  turgid  state  is  eminently  favour-  mena  of  growth. 

able  to  rapid  growth  when  vegetation  Once  set  in  action,  the  branches  of  a 

once  resumes  its  activity ;  for  it  acts  tree  go  on  growing  according  to  the 

as  a  force  from  behind,  which  con-  laws  which  have  now  been  explained, 

tinually   presses    upon  the   new-born  They  and  their  leaves,  by  degrees,  gain 

tissue,  and  causes  it  to  expand.    It  is  their  fidl  growth ;  bark  and  wood  sc- 

well  known  that  after  very  long  win-  parate,   and  cambium  deposited  be- 

ters,  or  when  a  plant  has  l)een  pre-  tween  them  ;  the  leaves  decompose  the 

vented  by  artificial  means  from  shoot-  fluid  they  receive,   send  their  fibres 

ing  at  its  usual  season,  its  branches  down    within    the   substance    of   the 

and  leaves  are  developed  with  extraor-  branches,  gradually  secrete  the  sub- 

dinary  vigour;  a  circumstance  which  stances    peculiar   to   each  particular 

has  been  ascribed  to  accumulated  irri-  species,  and  transfer  them  to  the  bark ; 

tability,  but  which  is  in  fact  owing  to  and    finally,    becoming    clogged    at 

the  turgid  state  of  the  tissue.  every  pore  by  the  earthy  and  carbona- 

It  is  when  the  temperature  of  the  air  ceous  matters  that  are  deposited  during 
is  raised  sufficiently  high,  that  the  vital  the  processes  of  digestion  and  evaix>- 
enenry  of  a  plant  is  excited,  and  buds  ration,  cease  to  act  efficiently  as  leaves, 
are  devdopea  with  their  leaves.  Light  In  this  state  they  are  principally  pro- 
has  certainly  nothing  to  do  with  this  tectors  of  the  young  buds  in  their  axils. 
}>henomenon,  although  it  afterwards  co-  If  the  latter  have  been  formed  very  early, 
ours  and  consolidates  the  young  parts ;  they  are  so  far  advanced  in  their  growth 
for  if  a  plant  is  exposed  to  an  elevated  by  the  middle  of  the  summer,  that 
temperature,  in  totd  darkness,  its  they  have  already  arrived  at  the  same 
growth  takes  place  as  if  in  the  hght.  state  as  later-formed  buds  will  be  in  at 
The  common  experiment  of  introducing  the  commencement  of  another  sprin*:. 
into  a  hothouse  the  branch  of  a  Vine  Acted  upon  by  the  temperature  of  the 
iprowing  in  the  open  air,  is  another  season,  they  develop  and  call  into  phiy 
familiar  illustration  of  this  fact :  the  the  same  class  of  phenomena  as  took 
temperature  of  the  hothouse  excites  place  in  the  beginning  of  the  spring : 
the  Duds  into  action,  they  immediately  the  sap,  which  had  become  languid  as 
attract  fluid  from  beneath  them,  and  the  leaves  became  impotent,  is  again 
thus  the  whole  system  is  put  in  motion,  stimulated  to  a  rapid  movement,  and 
although  the  Vine-plant  may  be  ex-  is  secreted  anew  in  increased  quantity. 
posed  beyond  the  house  to  all  the  This  is  indicated  by  what  gardeners  call 
inclemency  of  winter.  De  CandoUe  the  running  of  the  bark;  that  is  to  say, 
has  proved  by  a  simple  experiment,  the  bark  and  wood  of  Kxogens  separate 
that  in  such  a  case  as  this  the  fluid  spontaneously  as  in  the  spring,  depo- 
consumed  by  the  young  leaves  is  really  siting  a  layer  of  cambium  between 
attracted  from  out  of  the  cold  earth,  them.  Thus  are  formed  what  are 
and  not  absorbed  from  the  atmosphere  called  Midsummer-shoots,  which  only 
of  the  hothouse.  If  you  select  a  tree  occur  in  plants  which  bud  very  early 
with  two  principal  branches,  and  two  in  the  spring. 

principal  roots  to  correspond  with  them,  In  the  course  of  the  autumn,  the 
and  adapt  to  each  root  in  the  earth  a  increased  and  prolonged  heat  and 
bottle  of  water,  you  will  find  that  the  drought  complete  the  destruction  of 
bottle  that  corresponds  with  the  branch  the  leaves,  which  had  already  begun  to 
in  the  hot  house  will  be  quickly  emptied,  languish:  all  their  vital  actions  are 
while  that  which  is  connectea  witn  the  destroyed  by  the  quantity  of  foreign 
branch  in  the  open  air  remains  nearly  matter  with  which  their  cells,  their 
full.  It  may  be  supposed  that  in  a  stomates,  their  vessels,  and  their  inter- 
natural  state  of  things  a  corresponding  cellular  passages  are  filled,  and  they 
effect  is  pnxiuccd  upon  the  roots  by  the  drop  off. 

warmth  of  the  surface  of  the  soil,  and  At  this  time  a  plant  is   nearly  ex- 

that  they  also  are  stimulated  into  acti-  hausted  of  its  fluid  sap,  the  watery 

vity ;  but  it  is  doubtful  whether  this  portion  of  which  had  exhaled  during 

amounts  to  much,  if,  indeed,  it  is  of  the    summer    and    autumn :    all  the 

any  importance  whatever:  for  provided  parts  are  dry  and  solidified,  so  as  to 

only  the  earth  is  not  frozen,  it  appears  suffer  little  from  eN«.v?T%x:\Qxv\  ^w^'Ccnr. 

from  experiments  that  heat  applied  to  roots  them&e\N«atVva.NVcv^^QT  ^^m^Xxxcv^ 


been  but  CwUy  in  aotion,  ira  fim  mi  temtiou  th&t  lun  bMp  mde  upon 

notliabletobeeuilybrokeniereiythiiig  the  subject.      Meyer  fbupd  the  ttein 

it  in  a  slate  of  languor,  and  praparad  of  a  Balladonna  Lily,  aad  planta  of 

to  renovate  the  en&ebled  power*  of  Wheat  and  Barleyi  ^row  by  dajr  nearly 

the  plant  by  the  hIow  and  gradual  ab-  twine  aa  fast  a*  at  night :  wl  Multer 

sorption  of  fluid  during*  the  winter.  date*  that  be  baa  arrived  at  a  limilar 

It  i«  in  the  autumn,  then,  that  both  raault  in  watehing  the  dewalopment  of 

theory  and  practice  dirent  ui  to  trsni-  other  planti. 

plant  trees.    At  that  season  every  cir>  Obarik  IX. 

cumstanceconouratorenderlheopera-  -,,  f.^^^Ai.  «-*-««-. 

tion  pracUcable ;  but  if  we  wait  tUl  tht  "-f  f^***"***  Searehont. 

spring,  the  iponaeleU  which  form  dur-  Ona  of  the  most    important    coraa- 

inic  winter  an  likely  to  be  deatroyed.  quenceiof  the  decompoiition  and  an. 

and  man?  oauses  may  call  the  already  milation  of  their  sap  by  plants  ii  tbe 

turgid  plant  into  growth,  before  the  brmatiou  of  varioua  seeietions  which 

rocts  have  had  time  to  form  new  sponge-  «Je  o^en  peculiar  to  particular  apeoes. 

lets.  The  production  of  these  we  must  of 

The  seasoni  of  growth  and  repose  are  neceattty  ascribe  to  the  varied  powoi 

so  essential  to  vegetation,  that,  as  is  of  the  vital  pnnciple,  for  we  eaanat 

familiar  to  all  ^iSenera,  it  is  scarcely  otherwise  conceive  in  what  maoner  the 

possit>Ie  to  prevent  plants  preparing  unelaborated  fluids  of  the  earth.  Or  the 

themselves  tat  their  annual  changM,  S>bb8  mixed  with  the  atmosphare,  aie 

whatever  artificial  means  may  be  cm-  converted  to  such  a  prodigious  nnabs 

ployed  to  maintain  them  in  a  uniform  (>f  diSbrent  products,  bv  the  nniiSiin 

atmosphere,  and  to  protect  them  from  action  of '  phenomena  wnioh  are  com- 

those  causes  which  usually  bring  about  nion  to  all  plants. 

Npose ;  and  this  is  certain,  that  if  we  These  eecretions  are  what  give  haid- 

can  succeed  in  preventing  the  cessation  nesi  and  durability  to  wood,    (wtub 

of  growth,  the  plany  which  are  the  their  absence  t«nden  it  penihabltj 

subject  of  the  experiment  uniformly,  in  flavour  to  fruit,  and  odour  to  flowwt  j 

the  end,  fsJl  victims  to  the  forced  and  which  form   the  bittemesik   aoditf, 

unnatural  condition  in  which  they  are  or  acridity  of  some,  and  the  mucilKi- 

maintalned.  nous,  farinaceous,  saccharine,  and  other 

If  annual  changes  in  their  condition  qualities  of  other  speoiea.      OecaMW' 

are  requisite  to  the  well-being  of  plants,  '^Y  tbey  may  be  percdved  hv  the  eye, 

so    in    like    manner  are  ihe    itiumal  assisted  by  tne  microscope,  &rmed  in 

changes  of  light    and   darkness.    If  re(;ular  crystals,  having  an  acicular  or 

filants  were  kept  incesaantly  growing  in  prismatic  toire,  when  they  are  called 
ight,  they  would  be  perpetually  de-  ntphidet  (,^.  Sl)^  butmoat  commonly 
compoaing  carbonic  acid,  and  would,  ^S-  ^l- 
in  consequence,  become  so  stunted, 
that  there  could  be  no  such  thing  aa 
a  tree,  as  is  actually  the  case  in  the 
polar  regions.  If,  on  the  contrary, 
they  grow  in  constant  darkness,  their 
tissue  t)ecome»  excessively  lengthened 
and  weak,  no  decomposition  of  carbo- 
nic acid  lakes  place,  none  of  the  parts 
acquire  solidity  and  vigour,  and  finally 
they  perish.  But  under  natural  cir- 
cumstances, plants,  which  in  the  day  thw  are  amorphous  and  confounded 
liecome  exhausted  by  the  dccomposi-  with  the  tissue,  or  exist  only  in  a  fluid 
tion  of  carbonic  acid,  and  by  the  emp-  state.  The  nature  and  chemical  pro- 
tyins:  of  their  tissue  by  evaporation,  portions  of  these  substances  concern 
repair  their  forces  at  night  by  inhaling  botany  but  little,  and  therefore  a  de- 
oxyiien  coinoiisly,  and  so  forming  a  new  tailed  account  of  them  must  be  sought 
supplyof  cttrbonicacid.and  byabsorb-  in  the  works  of  chemists.  They  ar*. 
ing  moisture  from  the  earth  and  air  however,  in  some  things  so  intimately 
willioiit  the  loss  of  any  jjortion  of  it.  mixed  up  with  physiological  conaider- 

Such  being  the  case,  wa  must  con-  ations  as  to  require  a  short  notice, 

elude  that  plants  grow  cjuefly  by  day.  Pure  vegeUble  secretions,  of  what- 

and  tlus  IS  coniormable  to  ttie  few  oo-  «vet  kind,  must,  as  has  been  already 
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be  the  result  of  the  combination  only  which  is  coloured  blue  by  iodine. 
)r  and  carbonic  acid ;   that  is,  It  is  converged  into  gr^e-sugar  by  the 
lUst  consist  of  the  elements  of  addition  of  acids,  and  ail^alies  render  it 
Rrith  the  addition  of  a  variable  soluble.     While  gum  itself   may  be 
of  carbon ;  to  which  must  be  considered  the  nutrient   principle   of 
Qitroj^n  in  some  cases.    And  vegetation,  lying  ireely  among  the  sys- 
an  hundred  and  sixty-three  dis-  tern  of  a  plant,  and  constantly  in  action, 
rinciples,  which  chemists  have  starch  is  anparently  the  same  snl>- 
d   in  the  vegetable  kingdom,  stance  storea  up  in  such  a  manner  as 
not  one  of  which  oxygen,  hy*  not  to  be  readily  soluble  in  the  water 
and  carbon  are  not  the  eb-  of  vegetation ;  and  this,  as  Pe  Can- 
twenty-eight  of   them   only  doUe  well  observes t  appears  to  agree 
been  fonnd  to  contain  nitrogen,  very  well  with  the  omce  that  starth 
f  cases  the  proportions  in  which  has  to  perform  in  the  vegetable  econo- 
lements  are  combined  are  so  my,  namely,  that  of  forming  a  reservoir 
in    different  principles,  as  in  of  nutritious  matter,  which  is  to  be 
areh,  sugar,  and  limine,  that  ^  consumed  in  supporting  a  plapt  at  par- 
tie  change  in  the  circumstances  tioular  periods.    Thus  we  And  it  stored 
which  they  are  produced  will  up— I..I0  the  albumen  of  Com,  (^ 
to  convert  the  one  into  the  the  Buckwheat,  an4  of  a  multitude  of 

0  that  they  have  even  been  con-  other  plants ;  S.  infleshy  ootyledons,  iUAh 
as  being  all  varieties  of  sugar  as  tlu»e  of  the  Bean  and  the  Pea,  which 
It  is  probable  that  all  of  this  like  albumen  ate  magaiipes  of  fopd  finr 
rhiob  De  CandoUe  calls  hy4r(h  the  support  of  the  embiyo  plant ;  3.  in 
ile«,  are  principally  destined  as  tubersmtended  to  nourisn  young  wools, 
to  of  the  young  parts,  and  that  ts  in  the  Potato,  the  Jerusalem  Arti- 
ght  to  be  distinguished  in  rer  choke,  the  Arrow-root  plant,  &o. ;  4.  in 
their  functions  m>m  the  aoids»  all  fleshv  roots  which  have  to  ftimish 
Jka]ie8,oils.andothersecretions,  food  to  the  young  items  when  th^  first 
lave  apparently  nothing  to  do  begin  to  grow,  as  in  Briony,  and  m  the 
trition.  They  will  aooordingly  Inula  H^eniumt  which  furnishes  the 
:ed  of  separately  in  this  plaet,  starch  called  inuline ;  5.  in  f^U  bulhe; 

1  Kut^iin^  «..Ai^.M»  ^  root-itocks  having  a  similar  dee* 
\.^Nutnttim$  SeerHumt.  tination ;  fl.  ip  the  centie  of  the  stems 

[le  hydrocarbonates  ^giMi  is  the  of  endcgsensp  as  in  the  Sago  palm, 

}mmon  ;  it  is  found  m  the  bari^  which  is  a  reservoir  of  food  for  the 

xi  of  all  plaints  in  some  propor-  leaves  when  they  first  begin  to  grow  i 

d  in  many  in  great  abundance.  6.  in  the  receptacles  of  such  plants  as 

IJherry,  the  Arabian  Acacia,  the  the  Artichoke,  where  it  acts  as  food  for 

anth  plant|  and  all  those  others  the  young  flowers ;  and  in  the  liber  of 

are  called  gum  trees,  it  flows  son^e  im^  as  the  Pine  and  the  Birch, 

plenty   when   their   bark   is  and  in  .the  rind  of  certain  fruits,  such 

id,  or  when  the  surface  of  it  as  the  Date,  the  Bread-fruit,  fee. 

The    mucilage  with   which       In  all  these  cases  the  starch  b  either 

)  is  mingled  immediately  upon  capable  of  supplying  food  to  the  young 

roduction  into  the  roots,  an4  parts  of  the  plant,  or  may  be  supposed 

s  perhaps  universal  throughout  to  be  provided  for  the  sustenance  of 

letable  Idngdom,  and  the  jelly  man.  That  the  ibrmer  is  its  more  imme* 

^rape,  the  Gooseberry,  and  other  diatedestinationisprobablefroxpitsoon- 

nt  fruits,   are  mere  forms  pf  tinuipg  to  increase  during  the  )atter  part 

n  short,  the  substance,  being  in  of  the  year  when  the  plant  is  preparing 

nothing  more  than  condeiued  a  firesh  supply,  reachmg  its  maximum 

nd  carbon,  is  exactly  what  would  when  the  plant  has  cesMd  to  grow,  re^ 

led  in  common  by  lul  leaves,  in-  roaining  stationary  during  winter,  and 

entlyofthe  special  power  which  rapidly  diminishing  with  the  growth 

it  species  may  possess  ^  secret-  of  the  voung  shoots  in  spring.    Thus 

uliar  substances  in  addition.  it  is  stated  in  a  French  agricultural 

(laor  StoreA,different  as  it  is  vul-  work,  that  1  OOlbs.  of  Potatoes  contained 

usidered,  seems  to  be  reallv  little  the  fSoUowing  proportions  of  starch  ^-^ 
an  gum  divided  into  minute  por*  August     •        •        •    10lha« 

hshofwhichisindosedinaodi  SepUnibei      •        «       \^ 

n;  and  it  is  said  to  1«  (he  latter  .      (Mobat    •  .      %.      •    "^"^ 
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March  •        •       ITlbs.  tar  instance,  rich  as  it  is  in  sugar  at 

April        •        .        .13}  the  end  of  autnmn,  contains  scarcdy 

May      •        •        .        10  any  after  the  leaves  have  been  growing 

In   what  way    starch   is   adapted  a  short  time  in  the  smin^j  and  the 

to  the  power  which  plants  possess  of  saine  is  the  case  with  Turnips  and  si- 

«b8Gq)tion  is  not  hy  any  means  dear,  milar  roots. 

We  know  that  it  is  only  soluble  at  a       As  gnm,  starch,  and  sugar  seem  to 

temperature  little  below  that  of  boiUng  be  the  great  nutrient  principles  of  ve- 

water,  when  the  ornuuc  integument  setation,  it  would  be  supnosed  that 

of  each  little  grain  bursts,  and  allows  Jignine^  which  is  the  result  of  their 

the  gummy  matter  it  contains  to  flow  organization,  must  be  extremely  simi- 

out ;  but  we  have  no  such  temperature  lar  to  them  in  composition.    And  such 

in  nature,  not  even  in   germination,  is  really  the  fact,  as  will  be  obvkmi 

De  CandoUe  suggests  that  the  action  from  a  oomparison  of  their  chemical 

of  several  substances  which  exbt  along  ^°^^*  ^  furnished  by  Gay  Lussac 

with  starch,  such  as  tannin  and  alka*  and  Thenard. 
line  matters,  may,  in  naiticular  cases,  Cm^.  ^h^iw.  Hfd«|t 

cause  a  rupture  of  the   integument,  g^.  •  •  •  •  ^^  23    50  84    6  93 

and  liberate  the  gummy  mattef.  !^^•  .V  '  '^^  *^    ^*^®    ^" 

Stt^^or  may  be  conadered  as  starch.  Sugar  (of  the 

with  an  addition  of  oxygen,  and  conse-  ..«*?«)  •  •   •  1^  51    5?  S?    !  ?! 

quently  we  find  that  Oie  simple  ab-  l^^S^rit  .  .   .  62-00    41-25    5-75 

sorption  of  oxygen  by  seeds,  when  ger-  lignine,  therefore,  diffisrs  from  gum, 
minating,  is  sufficient  to  change  their  stiut^h,  and  sugar,  prindpally  in  its 
starch  into  sugar.  Thus  Barley  is  con-  elements  consirang  of*  a  larger  pro- 
verted  into  Malt,  by  being  forced  to  portion  of  carbon;  and  it  is  not  impro- 
grow  in  the  dark ;  and  we  find  the  fs-  bable  that  the  equality  of  timbtf  de- 
cula  that  is  present  in  flowers  before  pends,  to  a  considersble  extent,  npon 
they  expand,  converted  into  honey  by  the  amount  of  its  carbon ;  for  although 
the  excessive  absorption  of  oxygen  but  few  researches  have  yet  been  vuAt 
which  then  takes  place  (see  Chapters  into  this  curious  question,  yet  as  far  as 
X.  and  XIII.)  Like  most  of  the  secre-  they  go  they  seem  to  indicate  sudi  to 
tions  of  plants,  it  is  produced  in  greater  be  the  fact.  De  CandoUe  gives  the 
quantity  in  southern  than  in  northern  following  proportions  of  carbon  from 
latitudes,  llie  Sugar-cane  is  scarcely  the  works  of  Gay  Lussac  and  Thenard, 
sweet  in  our  stoves,  the  richest  Figs  and  of  Prout : — 
and  Grapes  that  can  be  produced  by  ar-  Cormonna  Wood  .  55  per  cent, 
tificial  means  in  England  will  bear  no 
comparison  with  those  of  the  Mediter- 
ranean ;  and  while  the  Chestnuts  of  the 
south  of  France  contain  as  much  as 
fourteen  per  cent,  of  crystallizable  sugar, 
those  of  the  north  of  Europe  are  almost  From  these  and  similar  considera- 
sugarless.  Is  this  owing  to  tempera-  tions  of  the  nature  of  the  nutritious 
ture?  We  think  not;  for  the  mean  heat  secretions  of  plants  we  may  draw  the 
of  a  forcing-house  in  England  is  greater  following  conclusions : — ^The  rising  sap 
than  that  of  the  Levant.  It  is  rather  to  passes  into  the  leaves  charged  with 
the  subtle  and  incomprehensible  agency  carbonic  acid,  or  matter  capable  of 
of  light,  which  we  have  no  means  of  being  converted  into  it ;  it  loses  a  large 
imitating,  that  those  important  differ-  proportion  of  its  water  by  evaporation, 
ences  are  to  be  ascribea.  Sugar,  like  and  of  its  oxj^gen  by  the  decomposition 
starch,  appears  to  be  intended  for  the  of  its  carbonic  acid,  and  thus  becomes 
nutrition  of  young  organs ;  we  find  it  reduced  to  carbon  and  water  in  an  in- 
abundantly  in  the  ascending  sap,  spissated  state,  which  is  gum  when 
whence  it  is  transferred  to  the  leaves ;  flfee,  and  lignine  when  fixed.  F^m  the 
it  is  formed  out  of  starch  during  germi-  lignine  is  organized  the  tissue,  among 
nation  for  the  support  of  the  eml)iyo  which  the  gum  circulates  for  its  sup- 
plant, and  during  flowering  for  the  food  port  and  consolidation,  and  within 
of  the  fertilizing  organs ;  and  it  is  car-  which  it  is  also  enclosed,  and  elabo- 
ried  off  from  tho'  roots  of  herbaceous  rated  into  various  other  principles,  re- 
plants  by  the  new  leaves  when  they  maining  as  starch  when  but  little 
sprout  in  the  spring.  -  The  BeeVroot,  cYvaxv^^  K\vQ)T^:\Qtv^^\jl\«^um  settles 
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downwards  through  the  stem:  that  part  of  hot  latitudes,  hardly  existing  in  the 

which  is  in  the  bark,beiDe  intercepted  temperate  zone  under  natural  circum- 

by  no  opposing  current,  nnds  its  way  stances.   It  is  most  abundant  in  certain 

doirn  into  the  roots;  such  other  part  as  Apocyneous  plants,  such  as  Urceola 

finds  itself  in  the  alburnum  is  caught  elastica  and  Vahea  Madagascariensis, 

by  the  ascending  current  of  sap,  dis-  which  furnish  the  India  rubber  of  India; 

solved  in  it,  and  carried  again  into  the  and  in  some  Euphorbiaceous  species, 

leaves,  there  to  undergo  changes  similar  such  as  Hevea  Guianensis,  or  Artocar- 

to  what  it  had  previously  experienced,  peous  ones,  like  Ficus  elastica,  from 

Whenever  the  gum  meets  in  its  course  which  that  of  other  tropical  countries 

with  cells  that  are  empty,  it  is  absorbed  is  obtained.    These  are  usually  acrid 

by  them,  and  becomes  subject  to  their  and  poisonous,  although  they  are  occa- 

special  vital  powers,  changing  to  the  sionally  wholesome  when  the  parts  are 

principles  which  each  particular  species  young  and  have  been  exposed  to  heat. 

or  organ  has  the  property  of  elaborating,  2.  Narcotic  milk,  in  which  opium  is  an 

and  the  most  readily  to  those  which,  essential  ingredient,  such  as  is  met 

like  sugar,  have  the  greatest  chemical  with  in  Poppies  ;   and  3.  A  sort,  of 

resemblance  to  itself.  which  fibrine  is  a  principal  component. 

-  ^      ^      .  ,  ^       - .  This  substance,  wnich  is  very  like  ani- 

§  ^.Speaal  Secretions.  ^^1  fi5j.ing^  ig  characteristic  of  the  mUk 

Besides  the  secretions  just  spoken  of  the  Papaw-tree,  and  of  the  Cow- 

of,  there  are  many  others  which  are  tree,  whose  milk  is  said,  besides  fibrine, 

diffuaed  through  the  system  of  certain  to  contain  half  its  weight  of  vegetable 

plants,  but  which  neither  appear  to  wax. 

contribute  to  the  process  of  nutrition.        When  plants  whose  juice  is  milky 

nor  enter  into  the  general  plan  of  vege-  are  employed   for  food,  any  method 

tation,  but  are  confined  to  particiuar  which  either  prevents  the  formation  of 

rues.  They  may  be  classed  under  the  milkiness,  or  by  which  it  is  removed 
heads  of  milky  fluids,  resins,  vola-  when  formed,  is  found  effectual  to  ren- 
tile  oils,  and  fixed  oils.  der  them  then  a  safe  aliment.  Blanch- 
Miiky  fluids  are  generally  character-  ing,  in  particular,  is  attended  to  a 
iiticorcertainnatiual  groups  of  plants,  certainty  with  the  effect  of  removing 
existing  in  every  species,  if  in  any ;  as  noxious  qualities,  inasmuch  as  milk, 
is  the  case  in  Eupnorbiaceous,  Apocy-  like  all  other  secretions,  can  only  be 
neous.  Papaveraceous,  and  other  plants,  formed  when  the  leaves  are  fully  exposed 
AVhen  such  are  wounded,  the  milky  to  light :  the  same  thing  happens  when 
fluids  are  forced  out  from  both  lips  of  plants  are  very  young,  when  they  have 
the  wound,  showing  that  it  is  dis-  not  had  time  to  elaborate  their  secre- 
charged  in  consequence  of  a  contrac-  tions,  by  attending  to  which  the  pea- 
tion  of  the  tubes  or  cavities  in  which  it  sants  of  Langruedoc  are  said  to  eat 
lies.  These  latter  are  of  various  kinds :  young  Wild  Poppies  with  impunity  ; 
lometimes  they  are  long,  thin-sided  and  further,  as  it  is  through  the  bark 
.tubes,  resembling  the  intestine  of  an  that  such  secretions  descend,  any  part 
animal ;  and  sometimes  they  are  rows  of  the  wood  will  be  harmless  in  plants 
of  thick-sided  cubicid  cells,  such  as  are  whose  milky  bark  is  poisonous.  Thus 
represented  at /^.  90  c.  BySchultzand  the  peasants  of  Teneriffe  are  enabled 
Mejen,  indeed,  they  are  described  as  to  suck  the  cooling  lymph  from  the 
vessels  of  a  particular  kind,  which  the  wood  of  a  highly  poisonous  plant  called 
Ibrmer  calls  vital;  but  there  is  every  Euphorbia  Canariensis,  by  first  strip- 
leason  to  believe  that  some  error  of  pii^;  off  its  bark. 
importance  is  connected  with  their  ob-  Hesins  are  common  in  the  bark  of 
lervations ;  lor  no  one  in  this  country  several  natural  orders,  especially  of  co- 
has  yet  been  able  to  discover  what  those  niferous  plants ;  they  are  also  met  with 
gentlemen  talk  of  having  seen.  Milk  in  the  wood,  and  even  in  the  pith, 
is  usually  white ;  but  it  is  frequently  They  have  no  tissue  specially  provided 
orange,  as  in  Celandine  and  the  Gam-  for  their  reception ;  but  form  lor  them- 
boge  tree  ;  and  it  is  occasionally  crim-  selves,  bv  their  own  proper  weight,  ir- 
ioo :  in  common  Purslane  it  is  said  to  regular  nstular  cavities.  It  appears  as 
be  brownish-green.  De  Candolle  distin-  if  a  small  quantity  of  resin  first  collects, 
guishes  three  sorts  of  milky  fiuid :—  and  having  formed  a  c^s\,«A.\x^^Vsxi\avii 
I.  That  in  which  caoutchouc  is  pre-  of  the  same  s\}\}s\a.x\e<i  Vo  \\.^^l\  ^^ 
sent.    This  is  most  common  in  phnts  then  acqumn^  \oWm^  ^tv\  \i^'^\^ 
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settles  down  among  the  cells  or  tubes,  J^f^  ^f^               p*f  c«rt.  la  vtiski. 

forming  what  are   caUed   turpentine  Almond     .     •     •     •,    •  *» 

yessel8:-(S«  page  71.)  CommonSpurge  (Euphor- 

Volatile  oils  are  found  nowhere  but  b^a  lathyns)    •     •     •    JJ 

in  the  leares,  flowers,  or  bark  of  plants,  £^«*  ^X^.    \    '     *        «? 

where,  like  resins,  they  form  little  cysts  White  Mustard  •     •     •     Jf  ^    ^^ 

for  themselves.    Occasionally  they  are  Tobacco 32  to  36 

present  in  the  pericarp  or  the  seed,  as  ^lum  ..••••     33 

in  Anise  and  Coriander  in  the  former  Common  Rape     ...  33 

case,  and  in  the  Nutmeg  in  the  latter.  Summer  Rape    ...    30 

They  are  said  to  be  composed  of  two  ^^  ,•  , ^^ 

distinct  principles— tf/owdKiie,  or  the  gold  of  Pleasure      .     .     28 

Tolatile,  and  atearoptine,  or  the  con-  S**"*^ 25 

Crete  portion.    These  two  are  usually  *^ ^ 

intimately  combined  in  nature,  so  that  5r*i  ^    1  _^     '     '     *  ** 

they  can  only  be  separated  by  artificial  Black  Mustard  •     .     .     18 

means ;  but  De  CandoUe  tMnks  that,  Sunflower .     .     .     .     .15 

in  the  case  of  Camphor,  we  have  the  Buck-wheat ...     •     .     IS  to  If 

stearoptine  in  a  separate  state  in  nar  Grape 10.  to  18 

ture.  This  substance  is  of  by  no  means  .  •»      Tr.^1  ^.....^^.'.r^. 

tmcommon  occurrence.  Combined  with  *  3.— i^ooo/  bemiums. 

a  volatile  oil  it  exists  in  Rosemary  and  Besides  the  two  foregoing  classes  of 

Matjoram  to  the  amount  of  10  per  secretions,  there  is  a  very  considerable 

cent.,  and  in  Lavender  of  25  per  cent ;  number  which  never  enter  into  tlw  |;e- 

but  in  a  naturally  concrete  state  it  oc-  neral  system  of  vegetation,  and  which 

curs  only  in  certain  Laurels,  such  as  have   no   particular  situation,    b^ag 

the  Laurus  camphora  and  Sumatrensis;  found  indifferently  in  many  dilferem 

and  in  a  large  tree  of  the  Malayan  Ar-  parts  of  a  plant.    Many  ot  them  are 

chipela^,  called  Dryobalanops  cam-  very  imperfectly  known :    they  have 

phora,  in  whose  bark,  roots,  and  wood  nothing  to  do  with  the  functions  of  ve- 

it  is  secreted  in  tears  varying  in  size  getation,  so  far  as  we  know ;   and  it 

fh)m  a  pea  to  that  of  a  grain  of  sand.  will  be  quite  sufficient  if  we  enumerate 

Fixed  oils  have  neither  special  forms  them  in  lists,  under  the  heads  of  Acids, 

of  tissue  nor  irregular  cavities  within  Alkalies,  Neuter,  Resinous,  Tanning, 

which  they  are  deposited  ;  but,  like  and  Colouring  Principles, 

starch,  they  occupy  and  fill  the  interior  Acids. — 1.  Ulmine,  Ulmic,  or  Hu- 

of  common  cells.    It  is  neither  in  the  mic,  which  is    also  considered,  with 

leaQ' nor  cortical  organs  that  they  occur,  great    probability,    as   being    nothing 

but  chiefly  in  the  seed,  as  in  the  Flax ;  more  tnan  the  carbonaceous  remains 

or  occasionally  in  the  pericarp,  as  in  the  of  dead  vegetable  matter;  2.  Gallic; 

Olive.    They  are  more  especially  com-  3.  Acetic,  or  Pyroligneous ;  4.  MflJie; 

men  in  albumen,  as  in  Palma  Cfhristi;  5.  Citric ;  6.  Pectic;  7.  Rheic ;  8.  Kra- 

and  may  probably  l}e  considered  as  a  meric  ;  9.  Ginkoic;    10.  Glamic;   11. 

secretion  which  concurs,  in  some  un-  Lichenic;     12.   Selenic ;    13.  Onlic; 

known  manner,  to  the  nutrition  of  the  14.  Tartaric ;  15.  £quisetic ;  16.  Mono; 

embryo  plant.     As  there  is  scarcely  17.  Kinic;  18.  Meconic;  19.  Igasuric: 

any  vegetable   product    more    exten-  20.  Abietic;    21.  Pinic;    22.  "Svlvic; 

sively  useful  than  fixed  oil,   nor  one  23.  Benzoic ;  24.  Kahinsic ;  25.  Fhoee* 

which  is  more  generally  sought  former-  nic;  26.  Stearic;  27.  Hydrocyanic,  or 

cant  lie  purposes,  it  will  not  be  with-  Pnissic;  28.  Aspartic  ;  and  29.  Fungic. 

out  interest  to  know  in  what  piopor-  Alkalies.— 1.  Delphine ;  2.  Aconi- 

tions  it  has  been  found  to  exist  in  the  tine ;    3.  Picrotoxine  ;    4.   Morphine ; 

various  seeds  from  which  it  has  been  5.    Sanguinarine  ;    6.  Corydaline ;    7. 

pressed  for  profit.    For  this  reason  we  Violine ;   8.  Esculine ;    9.  Guaranine ; 

borrow  the  following  table   from  De  lO.Brucine;  H.Coneine;  12. Quinine; 

Candolle:—  13.  Cinchonine;   14.  Strychnine;  13. 

Swdtofthe                  Per  cent  In  weight.  Strychnochromiue ;  16.  Solanine;  17. 

Hazel  Nut     ....     60  Nicotine;  18.  Atropine;  19.  Hyoscia- 

Garden  Cress.     .     .     .  56  to  58  mine;   20.  Daturine ;   21.  Daphnine; 

Olive 50  22.  Rhabarbarine ;    23.  Buxine ;    24. 

Walnut 50  Veratrine ;  25.  Smilacine. 

Poppy      .     .     .     ,     .    47  lo  50  '^UTa-reBL  Yw^cveiaa.—  I,  Gluten ; 
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ft.  Vegetable  Albniileii,  or  Gfutitie ;  3.  called  Fraxinella,  whose  leaves  and 

Fdllenine ;  4.  Berberine ;  5.  Aspara-  stem  are  corered  with  little  brown  re- 

gine  ;    6.  Amygdaline  ;    7.  Emetine  ;  sinons  glands,  emitting  a  powerful  bal- 

8.  CoiFeine;  9.  Nareotine;  10.  Gen-  samic  odour.  This  plant,  m  warm  wea- 
tianine;  11.  Plumbagine;  If.  Amani-  ther,  is  surrounded  bv  an  inflammable 
tine ;  13.  Fungine ;  14.  Osmaiome ;  atmosphere,  formed,  bv  its  own  va- 
1 5.  Adit)Ocire ;  1 6.€klatine ;  1 7.  Fibrine.  pour,  which  will  take  nre  when  a  light 

Rbsiitous  PRirrciPLXs.— 1.  Polyga-  is  applied  to  it,  and  produce  a  bright, 

line ;  8.  Hesperidine ;   3.  Aurade ;  4.  rajnd  flame,  which  does  no  ii^uiy  to 

Zanthopicrite ;  6.  Busurine ;  6.  Quas-  the  plant.     It  has  been  ascertained 

line ;   7.  Gathartine ;    8.  Coumarine  ;  that  this  vapour  is  not  hydrogen,  but  a 

9.  Glvcjmrhizine;  10.  Caryophylline  ;  volatile  oil  suspended  in  the  atmosphere. 
11.  Coloquintine;  12.  Elaterine  ;  13.  Ghenopodium  vulvaria  and  several  fra- 
Olivine ;'  14.  Jalapine ;  15.  DigitaliQc ;  grant  nowers  have  been  found  to  give 
18.  Launne;  17.  Piperine;  18.  Bali-  offpure  ammoniac,  and  maritime  plants 
cine ;  19.  Populine ;  20.  Gorticine ;  Si.  are  said  to  exhale  chlorine. 
Abiefine;  88.  Seillitine;  23.  Zeine.  Acid  excretions  are  formed  by  the 

TAmniio  Prikciplb.— Tannih.  hairs  of  the  Ghick  Pea,  the  Stagshom 
GoLOimtNO  PRiNCiPLSSi— -1.  Hem8r  Sumach,  and  some  other  species ;  and 
tine;  8.  Biesiline ;  3.  Si&italine ;  4.  it  is  supposed  that  the  singular  pro- 
MoTin ;  5.  Fttstel ;  8.  Qoereitrine ;  7.  perty  ponessed  by  certain  Lichens  of 
Ofcanettine ;  8.  Alitarine;  9.  Purpu-  immersing  themselves  in  the  calcareous 
rine;  10.  xanthine;  11.  Dragon*8  rocks  they  inhabit,  is  owing  to  their  ex- 
Blood';  18.  Gurcnmine;  18.  Luteo-  cretion  of  oxalic  acid. 
line  ;  14.  Indigotine  ;  15.  Pittacul ;  The  stinging  power  of  the  Nettle 
18.Gliromule;  17.Garthamine;  18.  Po^  and  similar  plants  is  produced  by  an 
Ifohroite ;  1 9.  Rheadine ;  8o!  VarioHne ;  acrid  matter  which  their  hairs  have  the 
91.  Orelne.  power  of  emitting  when  pressed,  and 

which  varies  in  intensity  in  different 

Gbaptia  X.  species.    The  Nettles  of  Europe  sim- 

rx^  rr     «  &f   »       Ai  plj  PTodoce  an  uneasy  sensation,  but 

or  V^s%ua^  Excreitcmi,  g^^  ^f  ^^^^  of  Indiahave  brought  on 

AiiL  the  secretions  Mtherto  spoken  of  lock-jaw,  and  even  death  itself  m  tor- 

v«  fiiund  in  the  inside  of  phuits,  aad  ments ;  fbr  the  effect  of  their  sting  is 

nay  be  supposed  to  be  innocuous,  at  represented  to  resemble   boiling  oil 

least,  if  not  useAil,  in  the  process  of  flowing  over  the  part  affected. 
"Vegetation,  as  no  attempt  is  ever  made       A  discharge  ofniieky  matter  by  the 

by  plants  to  rid  themselves  of  them,  hairs,  or  simply  by  the  surfi&ce,  is  of 

tmlns  by  accident.  very  common  occurrence,  especially  bv 

There  is  another  class,  consisting  of  the  •  ibrmer,  which  will  be  seen  witn 

matters  of  various  kinds,  whidi  would  minute  drops  of  the  excretion  hannuK 

^M€m   to  be   incompatible  with  the  ftom  thdr  points.    It  is  this  which 

healthy  being  of  vegetation,  as  we  And  gives  their  viscidity  to  such  plants  as 

them  constantly  thrown  off  on  the  oat-  the  Hose  Acacia,  to  the  bu(U  of  the 

8ide  of  the  root,  or  the  stem  and  leaves,  Horsechestnut,  and   the   Tacamahac 

-Bomctimes  in  the  form  of  solid  concre-  Poplar,  and  to  the  young  leases  of  the 

tiottf,  sometimes  as  viscid,  or  glairy,  or  Birch  tree.    It  is  said  to  be  in  many 

tither  discharges,  or  most  frequently  as  cases  chen^calLy  analogous  to  Bird- 

<volatile  emanations,  which  cause  the  lime. 

various  odours  of  the  vegetable  king^        Wax,  or  substances  analogous  to 

ddlii.    These  may  be  considered  ana-  that  production,  and  so  called,  is,  in 

logoot  to  those  parts  of  the  fbod  of  one  shape  or  another,  of  very  common 

ammab  which  are  voided^  after  havhig  occurrence  on  the  surfkce  of  plants, 

-been  deprived  of  their  nutritious  prin-  8nd  it  exists  even  in  their  substance, 

dples,  and  are  therefbre  called  exere-  as  in  pollen,  some  barks,  &c.    It  forms 

lions.    We  shall  pass  these  rapidly  in  the  bloom  of  such  fruit  as  the  Plum  and 

•review,  dwelling  principally  upon  tnose  the  Gucumber ;  it  causes  the  glaucous 

of  the  roots,  which  seem  to  be  the  most  appearance  of  Gabbages  and  Seakail, 

'important  to  man.  and  produces  the  powdery  efflorescence 

.  .  -  -that  is  fbund  on  the  surface  of  maxv^ 

t  hi^Frmi.tM$  ofMl  or  L§iwe§4  ^ChenoDodecras  pXaxiVa*.  \ti  ^«».^  ^»»fe% 

'   Thet^u^^UMtommmitigmikm,  'k  eottraluto  a  cmVvck^  ^Ycvt^  ^^^ 
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water,  so  ss  to  protect  the  parts  from  tionedmibiiaaoe  is  an  anstoe  and  add 

which  it  is  excreted  from  the  elEieot  of  fiaid  in  Sophora  Japonica ;  aa  opaque 

humidity.    In  some  instances  wax  b  sub-acid  pulp  in  the  Tamaiind,  and 

thrown  off  by  plants  in  such  consider-  an  odoriferous  stimulatins  juiee  in  the 

able  quantity,  as  to  render  the  collection  Balsam  of  Tolu  plant  (Mjnospermimi 

of  it  an  object  of  trade.    The  Candle-  toluiferum) ;  in  Cathartocarpua  fistula 

berry  Myrtle  (Myrica  cerifera)  has  its  it  is  a  viscid  pui^^ative  extract;  in  the 

berries  gimrded  by  a  thick   coat  of  Amotta  fruit  it  is  a  cokmred  powdeij 

vegetable  wax ;  if  thrown  into  boiling  matter;  in  the  common  Quince  it  is  a 

water,  the  wax  is  melted  and  floats*  mncilaginons  secretion,  which  coveis 

when  it  is  skimmed  off,  and  converted  the  seeds ;  and  there  is  a  great  many 

into  candles  of  good  quality ;  they  are,  other  kinds, 

however,  green.    The  berries  of  this  .  _      _       -t    «    , 

plant  have  been  steted  to  furnish  about  5  2.— /rom  the  Koots. 

one-ninth  of  their  weight  of  wax.    The  That  roots  give  off  in  some  eases  a 

Wax  Palm  (Ceroxylon  Andicola)  has  peculiar  matter,  has  been  known  Ibr 

its  trunk  covered  with  a  thick  coating  some  time.    Brugmans  was  the  first  to 

of  wax,  which  seems  to  ooxe  out  from  observe  it  in  the  Heartseaae*  and  it 

all  parts  of  the  surface  both  of  the  was  afterwards  remarked  in  the  Elm 

bark  and  leaves.  and  some  other  plants.    No  one,  how- 

Su^ar,  or  at  least  saccharine  matter  ever,  seems  to  have  suspected  this  to  be 

in  a  liquid  state,  is  too  well  known  in  a  general  function  of  vegetation  befive 

the  form  of  the  honey  of  flowers  to  re-  M.  De  Candolle,  who  as  laaf^  ago  as 

quire  more  than  to  tie  pointed  out ;  in  the  year  1805  called  attention  to  tlni 

a  solid  form  it  is  less  common.    We  curious  subject.    It  now  appears  fim 

have  it  however  in  a  crystalline  state,  experiments  conducted  by  M.  BCaeaiie 

secreted  by  the  upper  lip  of  the  flowers  of  Greneva,*that  to  throw  off  ezeratioos 

of  the  Rhododendron  Ponticum,  and  in  bv  the  roots  is  a  general  property  of 

the  beak  of  Strditzia ;  it  exists  upon  plants,  and  one  of  tneir  most  ioaportant 

the  surface  of  a  kind  of  Sea-weed  called  vital  actions ;  that  the  matter  aothiown 

Fucus  saccharinus,  and  it  appears  in  off  is  in  most  cases  deleterious  to  the 

large  solid  concretions  as  Manna.  This  species  ejecting  it,  although  it  may  be 

substance,  which  is  discharged  in  £u-  harmless  to  others,  and  that  paitiiailar 

rope  chiefly  by  the  Flowering   Ash  species  discharge  by  their  roots  a  mat* 

(Fraxinus    omus),    either   in    conse-  ter  so  deleterious  as  actually  to  pdsoa 

quence  of  wounds  artificially  inflicted  the  soil.    He  found  that  Leguminoos 

on  the  branches,  or  of  the  punctures  of  plants  produce  a  substance  analoaoni 

insects,  is  produced  by  other  plants  in  to  gum,  and  a  little  carbonate  of  luae; 

other  countries.    The  Manna  of  Scrip-  grasses  a  minute  quantity  of  matter 

ture  is  yielded  by  a  species  of  Tamarisk,  containing  certain  alkaline  and  earthy 

and    by    the    Camers-thom  (Alhagi  muriates  and  carbonates,  but  very  Uttie 

Maurorum) ;  it  distils  in  India  from  a  ^um ;  that  Chicoraceous  plants  exude 

kind  of  Celastrus,  and  the  common  m  abundance  a  brownish  bitter,  exere- 

Larch  furnishes  a  particular  kind  of  tion  analogous  to  opium,  and  cbntain- 

Manna  in  no  inconsiderable  quantitj^.  ing  tannin,  a  gummy  extractive  browa 

In    addition    to   the   foregoing  in-  matter,  and  certain  salts ;  Papavera- 

stances  of  excretions  from  the  leaves  ceous  plants  a  substance  of  a  similar 

or  stems  or  flowers,  there  remains  to  be  nature ;  Euphorbias  a  gummy  resinous 

noticed  tlie  saline  efflorescence  of  ma-  secretion  of  a  yellowish  white  colour^ 

rine  plants ;  a  glairy  substance  which  and  of  an  acrid  flavour,  and  so  on. 

clothes  the  surface  of  submersed  plants  This  fact  probably  explains  why  a 

apparently  for  the  purpose  of  protect-  plant  will  not    generally  succeed  if 

ing  them  from  immediate  contact  with  planted  in  the  earth  wmch  has  been 

so  active  a  solvent  as  water;     dis-  previously  occupied  by  the  same  species, 

charges  of  insipid  fluid  from  the  points  An  apple-tree  will  not  grow  on  the 

of  the  leaves  of  certain  plants,  espe-  spot  where  an  apple-tree  has  previously 

cially  of  the  Caesalpinia  pluviosa,  a  grown;  wheat  will  not  follow  wheat, 

Brazilian  tree  which  is  said  to  produce  nor  an  oak-tree  an  oak ;  and  this  not 

a  shower  of  drops  of  water  resembling  from  the  soil  being  exhausted  of  nutri- 

rain,  and   flnally   the    pulpy  matter  tive  principles,  for  the  same  effiect  will 

which  occurs  in  the  inside  of  the  seed-  take  place  whatever  the  quantity  of 

vessels  of  many  fruits :  the  last-men-  man\xx«  1\\«1  is  employed*    Thia  cir- 
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mc%  hid  alwiys  been  ihekiilicft-  hetlthy,  mdess  their  soil  be  frequently 

the  diflcoreiy  of  seeietions  flrom  changed, 
lor  the  old  supposition  thtt  each 

was  able  to  select  its  peculiar  Ghaftbb  XI. 

Mn  the  soil,  and  so  to  exhaust  it  n        • 

It  although  not  tor  others,  was  Flowmng. 

\j  gratuitous.    It  now  appears  Tbs  toregoine  Chapters  will  haye  ex- 

I  loots  absorb  indiflBerently  every*  plained  Cy  what  means   plants   are 

sufficiently  fluid  which  is  pre-  nourished,  and  what  the  general  result 

to  them,  when  one  species  im-  is  of  their  nutritive  action.    The  phe- 

dy  follows  another  in  the  same  nomena  attendant  upon  flowering  and 

is  placed  in  the  same  situation  fruiting  have  next  to  be  considered, 
tnimal  compelled  to  feed  upon  its       The  act  of  flowering;  or  of  expanding 

icrement ;  and  we  know  from  the  flower  is  that  which  appears  the 

nent  that  they  cannot  bear  that,  most  striking  to  ordinaiy  observers; 

you  place  a  plant  of  Belladonna  but  it  is  in  leality  a  mere  preparation 

iak  solution  of  extract  of  Bella-  for  the  fiur  more  important  act  of  repro- 

it  is  rapidly  killed.    The  fkculty  duction.    A  {preat  many  highly-cunous 

which  plants  possess  of  getting  and  interesting  fricts  have  oeen  col- 

iie  exnetions  of  the  roots  would  lected  concerning  it,  but  they  are  so 

to  be  a  necessary  condition  of  little  understood,  their  mutual   oon- 

liii;  tor  if  they  had  not  such  a  nexion  is  so  little  «>parent,  and  we  are 

the  fieeal  matter  which  they  now  to  far  from  comprebendiuj^  their  value 

rth  would  be  redissolved  by  the  in  relation  to  other  ftmetions,  that  we 

ittg  sap,  and  carried  back  into  shall  oeeupy  but  little  fpaoe  in  this 

fstem  to  their  own  destruction,  treatise  with  their  explanation. 
«  showed  by  a  simple  experi*       Flowers  are  always  prepared  in  the 

hat  a  plant,  if  poisoned,  will  dis-  centre  of  the  buds,   or  embosomed 

rnss  itself  of  the  offending  matter  among  the  leaves  for  a  considerable 

roots  if  it  has  the  opportunity,  time  oetore  they  expand.    It  is  pro- 

rfc  a  plant  of  Mercoiy  (Mercn-  bable  that  the  causes  which  conduce  to 

nnua),  and  divided  its  roots  into  dispose  their  parts  to  become  sepals, 

reels,  one  of  which  he  introduced  petalsg  ice.  instead  of  leaves,  take  ef- 

weak  solution  of  acetate  of  Ind,  feet  at  a  very  early  period,  when  they 

e  other  parcel  into  pure  water;  are  extremely  rudimentary ;  but  what 

end  of  a  tow  hours  the  water  the  exact  nature  of  those  causes  is  we 

was  originally  pure  had  become  do  not  know.     In  general  they  are 

tibly  impregnated  with  aeetate  formed  so  n^idly,  that  a  few  months 

,  which  had  therefore  been  taken  nre  sufficient  to  pass  them  through 

M  circulation  by  the  roots  on  their  larvm  state,  but  in  certain  Palms 

to  of  the  plant,  and  thrown  off  some  vears  appear  to  be  required.    It 

nr  the  roots  on  the  other.  is  said  that  the  rudiments  of  flowers 

1  a  greater  variety  of  experir  mav  be  discovered  in  the  central  bi^ 

shall  have  been  tned  upon  the  of  these  plants  as  much,  in  some  in- 

and  mutual  actkm  of  excretions  stances^  as  seven  years  before  the  per- 

nature,  it  will  be  impossible  to  toct  flowers  expand.     To  watch  the 

ine  to  what  extent  the  discovery  gradual  change  of  the  oivans  in  such 

mctical  application.     In  thie  oases  as  these  would  be  at  once  one  of 

rhile  it  remains  highly  probable  the  most  instmetive  and  amusing  in- 

;  explains  the  cause  of  certain  quiries  in  which  a  Botanist  with  leisure, 

being  considered  weeds,  or,  as  opportunity,   and   good   toith,   could 

inch  say,  tnauvaiaei  herbet,  that  snjps^ 

nous  to  their  neighbours ;  and       To  what  causes  the  production  of 

will  enable  the  scientific  api-  flowers  u  owing  is  uncertain;  it  must 

It  to  reduce  to  some  intelligible  generally  be  referred  to  the  specific 

0  pnctice  of  farmers  in  regm  to  nature  «  plants,  or  what  is  called  their 

cession  of  their  crops,  which  Is  idiosyncracy.    Annuals,  for  instance, 

entirely  empiricaL     It  more-  flower  in  a  tow  weeks  after  their  seeds 

ipears  certain  that  it  expUins  are  sown;  what  are  called  bienniids 

iose  of  plants  grown  in  pots,  demand  some  months;  perennials  a 

listonding  the  quantity  of  na-  loooer  time,  and  tieea  «?i«c«l  >|«u%\ 

nt  is  given  tbenvbeonraig.inH  wolmow  no  idoc%  ot  \kii^«iNa%^>ioagi« 
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thtA  of  the  eause  of  Uieir  belngf  an*  terrdptod'aotmh,  9xid  a'gi^afc  qiilui% 

nuals»  biennisds,  perennials,  aad  trees,  of  solid  matter  has  been  deposited,  u 

Some,  again,  blossom  in  the  winter,  is  obrious  in  the  stunted  state  of  tbt 

as  the  Chimonanthus,  the  Christmas  branches,  a  most  abundant  erop  of 

Rose,    and   the    fragrant    Coltsfoot;  blossoms  is  invariably  the  result;  whik 

others  in  the  earliest  spring,  as  the  the  reverse  takes  place  after  Md  aad 

-Snowdron,  Adoxa,  and  the  Crocus ;  gloomy  summers,  which  prodoee  weak 

while  others,  like  certain  species  of  and  watery  shoots.     Or  if  a  tree  if 

Michaelmas  Daisy,  and  the  Chinese  sterile,  its  branches  may  be  made  fertile 

-Chrysanthemum,  cannot  be  made,  by  by  depriving  them  of  a  rin^  of  bark 

any  known  artificial  means,  to  advance  near  their  insertion  ;  this  inteimpti 

their  autumn  flowering   even  a  few  the  backward  flow  of  the  sap,  eausn 

ireeks.    Plants,  in  shon,  have  a  perio-  the  nutritious  secretions  to  oolleet  abon 

dicitv  of  flowering  varying  in  dimBrent  the  annular  incision,  and  thua  tanngsoa 

apetnes,  which  appears  Inherent  in  theit  the  formation  of  flowers.     It  is  not 

own  proper  nature,  and  not  capable  of  improbable  that  thu  may  be  «spiaiBsd 

-explanation  upon  any  hypothesis  worth  upon  the  supposition  that  whan  plaats 

•mentioning.  are  in  a  state  of  slow  growth,  ae  m  hot 

'    The  same  is  true  of  the  hours  at  and  dry  summers,  the  appendages  of 

which  they  open  their  blossoms ;  one  the  axis  are  retarded  in  thmr  growth, 

-expands  at  dawn   of    day,   another  flxed  in  whorls,  and  receive  a  tandsacnr 

species  a  few  hours  later,  a  third  at  to  imperfect  development  which  wm 

mid-day,  some  in  the  early  evening,  and  inevitably  produce  flowers ;  whi)e,oiithe 

a  few  when  darkness  has  estabmhed  oontrary,  no  arrestation  of  growth,  nor 

lier  dominion.    Hence,  what  are  oalled  any  flxing  in  whoils,  will  take  pisce 

the  Watches  qf  Flora  have  been  con-  when  plants  are  in  a  state  of  eonmnt 

'struoted ;  tables  in  which  every  hour  and  rapid  growth,  and  eoneeqaeBlly 

of  the  day  is  fllled  up  by  the  expannoa  nothinf^  but  leaves  will  l>e  the  residt 

trf'someflower;  but  however  useral  these  This  will  be  the  better  ondeMlDod  by 

may  be  for  comparing  climate,  they  a  reference  to  the  laws  of  Mdnbdogy 

assuredly  conduce  in  no  degree  what-  (Chap.  XXV.,  Part  1 .) ;  and  is,  to  a  ee^ 

ever  to  elucidating  the  causes  of  the  tain  extent,  illustrated  by  a  fliet  wdl 

singular  phenomena  they  represent.  known  to  aU  observing  gardeners,  that. 

Certain    facts  there  are,    however,  in  wet  and  warm  springs,  a  preat  mmi- 

which  are  deserving  of  notice,  because  ber  of  the  blossom  bu&  of  Pears  aad 

they  have  a  general  application,  and  Apples  are  converted   into  leaf-bods 

serve  to   throw  light  upon  some   of  by  the  excessively  rapid  developmsst 

these  obscure  and  unintelligible  phe-  which  they  undergo  breaking  up  the 

nomena.  whorls  of  their  flowers,  throwing  as 

It  would  seem  to  be  a  generid  law  excessive  quantityofsap  into  the  orgaai 

that  the  quantity  of  flowers  which  a  which  had  been  destined  for  flowering 

plant  produces  will  be  in  proportion  to  purposes,  and  thus  converting  thHS 

the  quantity  of  nutritious  matter  which  into  leaves. 

that  plant  may  be  able  to  accumulate.  There    is  also  another  feiet  whi^ 

If  a  Hyacinth  is  deprived  of  its  leaves  seems  to  show  that  flowering  depends 

one  year,  it  will  not  blossom  the  sue-  upon  the  accumulation  of  a  sufficient 

ceeding  year ;  but  if  its  leaves  are  so  quantity  of  nutritive  matter  in  the  psit 

fully  exposed  to  light  and  air  that  they  which  is  to  flower.    An  Apple  wnea 

go  through  their  growth  in  uninter-  raised  from  seed,  and  left  to  UnasiMed 

rupted  health,  and  the  flowers  are  de-  Nature,  will  not  flower  in  less  than 

etroyed  for  one  year,  the  bulbs  will  bios-  on  an  average  sfeven  years.     But  if  a 

som  more  finely  than  ever  the  succeed-  cutting  of  it,  one  year  old,  be  grafted 

ing  year  in  consequence  of  the  great  upon  an  old  bearing  tree,  which  is  aWe 

quantity  of  nutritious  matter  that  will  to  infhse  into  it  a  large  quantity  of 

iiave  accumulated ;  for,  in  this  case,  nutritive  matter,  it  will  bear  the  second 

not  onlyis  a  sufficient  quantity  secreted  year  after  being  grafted;  so  that  by 

by  the  leaves,  but  the  stock  prepared  this  means  in  three  years  at  the  latest 

'the  previous  year  remains  unexhausted  a  plant  may  be  artificially  made  to 

in  consequence  of  the  flowers,  which  bear,  which,  under  ordinary  circum- 

would  have  consumed  it,  having  been  stances,  would  not  flower  in  less  than 

destroyed.    After  hot  and  bright  sum-  seven  at  the  soonest. 

«iei9i  when  ieave»  hav^  been  in  luAn-  '    Tbt  mere  act  of  floweiiag  ii  a  pie- 
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I  for  fertilization,  with  reference 
1  it  is  principally  important,  and 
on  to  which  some  otner  circum- 
will  be  spoken  of.  As  soon  as 
:ion  is  accomplished,  a  new 
he  embryo,  is  called  into  exist- 
hich  attracts  to  itself  all  the 
B  matter  that  was  before  con- 
to  the  sepals,  petals,  and  sta- 
[he  latter  then  shrivel  up,  and 
of  flowering  is  accomplished, 
"e,  however,  some  curious  excep- 
this  rule.  In  many  plants  the 
X)ntinue  to  grow  after  fertiliza- 
I  taken  place.  In  others,  as  the 
e  Varnish  Tree  (Melanorrhoea) 
la  become  excessively  enlarged ; 
stamens  uniformly  perish. 
lie  amusement  of  those  who  are 
ed  in  such  matters,  we  subjoin 
h  of  Fhra, — that  is,  the  hour 
nsion  of  various  flowers,  as  it  is 
d  by  Linneeus  for  Upsal,  and  by 
dolle  for  Paris  : — 


N«m«  of  Plant.' 
Omithogalum  umbeliatum 
(called  on  that  accouDt 
Dame  d*onze  hcures) 
Tigridia  pavonia    •     •     . 
Most  Ficoideous  plants     . 
Scilla  pomeridiana      •     • 
Silene  noctiflora   •     •     . 
Mirabilis  jalapa    .     .     • 
Pelargonium  triste       .     • 
Cereuf  grandi  floras    •     • 
Mesembiyaothemum  nocti- 
florum  •     •     •     •     • 
CEoothera  tetraptera  •     • 

saaveoleDS  •     • 

Convolvulus  purpureus    • 


Upsal. 


9-10 

5 

6 
9-10 


Paiia 
11 


do. 
12 

2  p.m. 
5-G 

•  •  • 

7-8 

do. 

do. 

do. 

10  p.m. 


1  of  Plant. 

UpsaL 

Paris. 

Ills  nil  and  sepinm 

•    • 

3-4  sjn. 

00  pratense  . 

3^  am. 

4-5  a.m. 

choraceous  plants 

4-5  do. 

do. 

a  suaveolens* 

•  •  • 

do. 

ctoruni   .      .      • 

4-5  a.ro. 

•  •  » 

Dudicaule 

5  a.m. 

5  a.m. 

:horace«e      .     • 

•    • 

do. 

ca  elaterium  • 

•  ■  • 

5-6  a.m. 

communis,    and 

Cichoraceous 

% 

6-6  a.m. 

do. 

los  tricolor   . 

•  •  • 

do. 

iris  maculata 

6  a.m. 

6  a.m. 

,  aevGral  species 

•  •  • 

do. 

ius  Siculus  •     . 

•  •  • 

d'l. 

different  species 

6-7  a.m. 

6-7  a.m. 

IH,  do.      •      •      • 

6-7  R.m. 

do. 

ind  Nympba;a    • 

7 

7  a.m. 

lativa      •     • 

•  •  • 

do. 

isativa    .     .     . 

•  •  • 

do. 

es  muralis     .      . 

■  •  • 

do. 

jran  them  urn    bar- 

7—8  a.m. 

ia  speculum  .     • 

•  •  • 

do. 

anguria         •      • 

•  •  • 

do. 

k  pluvialis     . 

7  a.m. 

do. 

1  anrenesis     . 

8 

8  a.m. 

prolifer         .     • 

8 

•  •  • 

rostrata  •     .     . 

•  •  • 

8-9 

m  choDdrilloides 

9 

•  •  ■ 

a  arvensis     . 

9 

•  •  • 

yanthemum  bar- 

&c  .... 

7-8 

•  •• 

yanthemum  crys- 

(11       .... 

9-10 

9-10 

9-10 

•  •  • 

yanthemum  nodi- 

10-11 

10-11 

mtivm    •     •     . 

... 

11 

Chapter  XII. 

Fertilization, 

Upon  looking  to  the  writings  of  an- 
cient authors,  we  find  that,  from  a  very 
early  period,  the  world  was  acquainted 
with  two  cases  in  which  the  presence 
of  flowers  of  a  particular  kind  was 
necessary  to  ensure  the  fertilization 
of  another  kind  borne  by  the  same 
species,  ultimately  bearing  fruit  if  fer- 
tilization was  effected ;  but  remaining 
sterile  provided  the  flowers  of  the  first 
kind  were  not  permitted  to  exercise 
their  influence.  One  of  these  cases 
was  the  Date  Palm,  the  other  was  the 


Fig. 
Mf 


[an  had  learned  from  experience 
that  those  flowers  of  the  Date,  in  wliich 
the  beginning  of  a  fhiit  was  discoverable, 
would  never  arrive  at  maturity  unless 
sprinkled  with  the  powder  secreted  in 
the  flowers  of  other  individuals  of  the 
same  species  of  Palm:  and  hence  they 
considered  the  latter  to  be  males  and 
the  former  females;  which  was  true. 
Wild  Fies  again  were  found  to  be  ne- 
cessary, l>y  coming  in  contact  with  it, 
to^  enable  the  fruit  of  the  cultivated 
Ffg  to  mature;  and  hence  they  also 
supposed  the  former  to  be  males  and 
the  latter  to  be  females,  which,  how- 
ever, was  not  true.  Capriflcation,  as 
this  latter  phenomenon  was  termed,  did 
not  depend  upon  the  powder  of  the 
wild  Fig  coming  in  contact  with  the 
young  fruit  of  the  cultivated  Fig,  but 
upon  a  totally  different  circumstance ; 
for  both  kindis  of  Fig  are  in  reality  ])er- 
fect  in  themselves.  What  makes  the 
act  of  capriflcation  necessary  is  this, — 
that  the  flowers  of  a  Fig  are  inclosed 
in  a  fleshy  case,  which  finally  becomes 
the  firuit,  and,  from  some  unknown 
cause,  does  not  readvL^  tvQi«.\v.  >\T\vAnk 
injur^  by  \\i«  \)vai^\.>ax«  ol  vcl  \x<m^« 
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The  Wild  Fif^  abound*  in  a  little  fly  the  stales,  With  thor  stiflnas.  are  the 
called  a  Chmips ;  and,  consequently,  long  silken  tassels  whicn  hang  down 
when  the  former  is  brought  into  the  from  the  short  branches  near  the  base 
vicinity  of  the  cultivated  fig,  the  latter  of  the  stem.  If  the  pamclea  are  de- 
is  attacked  by  *  the  Cynips,  and  so  stroyed,  the  stij^as  are  not  fertiliied, 
enabled  to  mature.  It  b  clear  from  and  no  grain  is  produced.  Take  an 
their  having  confounded,  under  the  Apple-blo88om,andcutoutthe  anthcn 
same  idea*  two  phenomena  so  essen-  before  the  anthers  burst ;  no  apple  will 
tially  different  as  these,  that  the  an-  be  formed.  Let  the  stamens  be  til 
cients  had  no  real  knowledge  of  the  converted  into  petals,  as  in  dooUt 
sexes  of  plants ;  audit  is  prob&ble  that  flowers,  and  the  pistils  are  barrel^ 
all  their  notions  were  dfeduced  from  however  perfect  they  themselves  nmf 
hypothetical  considerations  arising  out  be.  In  a  Cucumber  plant  some  of  the 
of  the  comparison  drawn  by  their  phi-  flowers  bear  nothing  but  stamens^  end 
losophers  between  plants  and  animals,  others  contain  nothing  but  pistils.  If 
than  from  any  exact  knowledge  which  the  former  are  carefully  cut  away,  the 
they  possessed.  latter,  instead  of  sweUing  immediatdjr 

Nor,  indeed,  is  there  any  reason  to  after  the  flower  has  withered^  will  hi- 
believe  that  the  discovery  of  the  sexes  come  yellow,  cease  growing,  and  sod- 
in  plants,  as  a  general  fact,  can  be  denly  drop  off.  We  are  theref(n«  so^ 
traced  farther  back  than  the  time  of  Sir  rounded  by  proofs  of  the  neoesufy  of 
Thos.  Millington,  Green,  Malpighi.  and  the  anthers  to  fertilise  the  pistils. 
Ray.  The  latter  said  in  express  terms,  Nevertheless,  as  in  some  animals,  so 
in  the  year  1694,  that  the  points  of  the  in  some  plants,  it  appears  that  paits 
stamen  are  the  most  essential  parts  of  analogous  to  flowers  produce  fotile 
a  flower,  as  they  contain  pollen,  which,  bodies,  resembling  seeds  in  tbdr  power 
in  his  opinion,  is  endow^  with  a  pro-  of  reproducing  the  species»  without 
lific  power,  and  serves  to  fertilise  the  there  being  any  trace  of  antheis.  Tlw 
seeds.  From  this  time  the  question  occurs  in  Ferns.  Fungi,  Lioheps,  Sea- 
was  settled  among  botanists,  notwith-  weeds,  and,  in  all  proosliilitf  » in  every 
standing  the  captious  objections  of  a  tribe  of  flowerless  plants.  This  fiut 
few  writers  whose  names  and  opinions  has  led  some  botanists  to  deny  the  ne- 
have  alike  sunk  in  oblivion.  It  was  cessity  of  anthers  in  species  where  they 
Linneeus,  however,  who  brought  the  are  regularly  produced.  It  has  htm 
subject  more  particularly  before  the  assert^  that  the  Basil  (Ocymum), 
world,  in  consequence  of  his  having  Hemp,  and  Spinach  will  produce  ftr- 
employed  the  sexes  of  plants  as  the  tile  seeds  without  coming  in  contiet 
basis  ofhis  classification;  and  although,  with  the  pollen;  but  while  this  is  as- 
in  point  of  fact,  this  writer  added  little  serted  by  one  observer  it  is  denied  bj 
or  nothing  to  what  was  before  known,  another,  and  appears  altogether  so  coo- 
and  even  by  his  speculations  upon  hybrid  trary  to  common  sense  as  to  be  node- 
plants  rather  tended  to  weaken  the  serving  any  further  remark  than  thb, 
theory  in  the  eyes  of  men  of  science,  vet  — that  in  those  species  anthers  are  re- 
the  attrsictions  of  his  style,  and  the  skill  gularly  produced,  as  perfect  in  thor 
with  which  he  embellished  the  subject,  structure  as  in  any  plants  whatever; 
were  such,  that  the  vulgar  believe  him  and  that  it  is  not  probable  they  would 
to  have  been  the  discoverer  of  the  be  so  produced  unless  they  had  their 
existence  of  vegetable  sexuality.  From  usual  office  to  perform.  Are  we  to  be- 
his  time  to  the  present  every  succeed-  lieve  that  no  sexes  exist  in  the  animsl 
in^  observation  nas  tended  to  confirm  kingdom  because  the  Aphis  is  increased 
this  curious  fact ;  and  the  mass  of  without  their  aid  ?  Passing  by,  then, 
evidence  is  now  so  great,  that  no  one  these  speculations,  let  us  fook  at  the 
thinks  of  calling  its  truth  in  question  highly-curious  phenomena  of  fertiliza- 
as  a  general  law  of  Nature.  tion,  as  understood  by  the   best  ob- 

In  fact,  if  the  thing  is  considered  a  servers, 

little,  we  find  on  all  sides  the  clearest  When  the  flower  unfolds,  the  anther 

evidence  that  seeds  cannot  be  fertilized  is  a  tolerably  solid,  moist  body,  filled 

without   the    contact  of  pollen   and  with  moist  pollen.    The  grains  of  the 

stipma.    We  select  a  few  of  the  most  latter  contain  a  fluid  more  dense  than 

striking.    Maize  is  a  kind  of  com,  the  the  tissue  that  forms  a  covering  lor 

anthers  of  which  are  formed  in  the  tliem,  and  rapidly  absorb  its  moisture 

loose  panicles  that  terminate  the  stem  *,  from  the  anther  cas^    As  soon  as  this 
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hM  happened  to  anf  great  extent,  the  pollen-tabes  easily ;  and  if  a  minute 

tissue  of  the  anther  case  contracts,  and  portion  of  the  stigpna  <^  Crocus  vemus 

at  first  rends  into  grated  cells  of  Tarious  is  pressed  gently  in  water  between  two 

Ibmis ;  as  the  diyness  is  increased,  these  plates  of  glass  till  it  is  transparent,  the 

latter  contract  still  fturther,  and  exer-  ]>ollen-tuDes  wOl  be  distinctly  seen  bu- 

dsing  a  general  power  oyer  the  whole  ried  in  the  stigma,  with  the  turbid  mat- 

tnrikee  m  the  lining,  would,  in  the  end,  ter  of  the  pollen  lying  in  une<iual  quan- 

be  rent  into  still  finer  portions,  if  it  tities  in  their  inside.     Amici  recom- 

were  not  for  the  slight  degree  of  cohe-  mends  the  Althaea  frutex  for  the  same 

skm  which  exists  between  the  valves  observation ;  but  that  plant  is  not  well 

of  the  anther  at  the  sutural  line.  Here,  adapted  for  examination,  because  in 

then,  the  lateral  strain  of  the  contract-  this  northern  climate  its  pollen  is  rarely 

ing  cells  compels  the  anther  to  open,  perfect.    Should  a  difficulty  be  after  all 

•ad  the  pollen  is  enabled  to  fUl  out.  experienced  in  witnessine  these  singular 

At  the  same  time  that  this  is  going  phenomena,  it  may  be  brought  about 

on  in  the  anther,  the  tissue  of  the  artificially   by  the   following   simple 

ana  is  becoming  more  and  more  lax,  means.    Place  a  drop  of  a  solution  of 

secreting  a  viscid  fiuid  between  its  concentrated  sulphunc  add  and  water, 

cells ;  so  that  by  the  time  the  pollen  it  in  the  proportion  of  two  parts  of  the 

discharged  from  the  anther,  the  stiema  former  to  three  of  the  latter,  upon  the 

has  become  an  uneven,  clammy  surnee,  stage  of  a  microscope;  drop  into  it  a 

with  prominent  cells,  between  which  few  mins  of  pollen,  then  watch  them, 

any  foreign  matter  can  be  easily  insi-  and  tn^  may  be  seen  to  become  rapidly 

Boated.  transparent,  to  give  way  at  the  angles, 

IJpon  the  stigma  thus  prepared  the  or  at  some  pamcular  points  of  tneir 

grains  of  pollen  either  drop  or  are  cast,  surfkce^  and  to  emit  their  pollen- tubes 

or  are  conveyed  by  wina,  insects,  or  just  as  they  would,  only  much  more 

other  means ;  and  there  thc^  are  se-  slowly,  under  the  natural  stimulus  of 

eand  by  the  damnuness  of  tne  oigan.  the  secretion  of  the  stiema. 

When  the  grains  of  pollen  have  lain  To  what  distance  the  pollen-tubes 
upon  the  stigma  for  sevml  hours  they  descend  into  the  style  is,  in  most  cases, 
open  at  their  angles,  or  upon  certain  a  matter  of  coigecture.  But  from  the 
dohiite  points  of  their  surface,  and  the  observations  of  several  accurate  micro- 
thin  inner  lining,  which  is  of  a  highly-  scopical  observers,  especially  of  Dr. 
odensible  nature,  is  gradually  pro-  Brown,  it  can  scarcely  be  doubted  that 
longed  into  extremdy  slender  Intes-  they  are  not  only  actually  conveyed  to 
thies,  called  pollen-twei^  which  sink  the  placenta,  but  are  introduced  into 
into  the  tissue  of  the  stisma,  burying  the  ovules.  This  distinguished  Bota- 
themselves  within  it,  just  as  the  roots  nist  confirms  the  statement  of  Du  Petit 
of  a  plant  bury  themselves  in  the  soiL  Thenars,  that  a  cord  developed  in  the 

B|y  means  of  the  pollen-tubes  the  stigma  of  Orchideous  plants  may  be 

matter  contained  in  the  pollen-grains  tn^ed  to  the  placentse   and   conse- 

11  conveyed  into  the  interior  of  the  quently  to  the  ovules ;  and  he  declares 

style,  whence  it  is  suppMcd  to  pass  that  this  cord  is  entirely  composed  of 

into  the  ovule.    This  matter  has  been  pollen-tubes.    He  found  the  branches 

already  (p.  42)  described  as  consisting  of  the  cord  scattered  over  the  whole 

of  lonnd  and  oblong  minute  paitides  surface  ofthe  placentae  in  Orchis  Morio; 

floating  in  liquid;  and  it  is  odieved  and  he  even  succeeded  in  tracing  in 

that  the  fintilising  principle,  be  it  what  several,  though  not  in  many  instances, 

it  may,  resides  in  those  partides,— per-  a  single  tube  to  the  foramen  of  an  ovule. 

ha^  only  in  the  lar^r  kind,  periiaps  He  was  also  so  fortunate  as  to  witness 

in  the  smaller — ^possibly  in  both.    In  the  same  phenomenon  in  many  cases 

general,  it  ii  very  difficult  to  see  the  in  Habenaria  viridis.   Adolphe  Bron^ 

pollen-tnbes ;    for  if  the  pollen  rubs  niart  also  describes  the  pollen-tubes  in 

fredy  from  the  surface  of  the  stigma,  the  Rock   Rose   (Helianthemum)  as 

the  tubes  are  not  emitted ;  if  it  ii  re-  entering  the  cavity  of  the  ovary,  and 

moved  with  difficulty,  the  tubes  ar^  desoenmng  from  its  summit  till  they 

broken  off.    They  may,  however,  be  reach  the  ovules, 

easily  seen  in  any  Gesnera,  by  scraping  In  connexion  with  these  phenomena, 

Atmn  off  the  stigma  pollen  that  hai  been  there  is  another  class  of  actions  on  the 

in  coqtaet  with  it  at  least  fortjr-dn^  part  of  the  ovuieftifVi\e\v\V\a\TBkv^^^^ 

hours;   The  Crocuf  alio  ptrtsirith  ita  tobeaivaro  6L   In  m%»i  ^vifta\\.\AA 


bees  (een.tnd  it  i>  probable  that  in  all 
cases  it  tiappena  that  at  the  time  when 
pollen-tuhM  are  plunged  into  the  stig- 
ma, (he  ovules  a4iu>t  themselfea  lo  as 
to  present  their  fbramen  either  to  the 
lilacenta,  or  else  ta  that  pmnt  of  the 
lining  of  the  orary  by  which  the  pollen- 
tubes  afterwards  enter.  This  is  plainlj 
the  case  in  the  Rock  Rosei  jiut  reCemd 
to ;  in  Euphorbias  it  may  also  be  wit- 
nested  ;  and  the  very  act  of  curving 
which  takes  place  inso  many  ovules,  at 
has  already  been  mentioned  (p.  46, 
fig.  61),  is  no  doubt  for  the  purpose  of 
^iectiuK  the  same  object.  If  we  ex- 
amine tne  ovule  of  the  Spurge  Laurel 


(Daphne  Laomola),  before  the  pmkt 
falls  upon  the  stigma,  we  shal)  find  iti 
foramen  turned  towards  the  dome  of 
the  ovary,  but  fkr  from  touehingiL 
Soon  after  the  pollen  has  aeted  apM 
the  stigma  the  ovule  approachea  Ih* 
dome,  a  short  nrooess  in  direct  eom- 
munioatiDn  witn  the  stigma  is  at  tht 
same  time  protruded  from  the  doue. 
and  flDalJy  closes  up  the  fbramen.  Mat 
bringing  the  nucleus  of  the  ovule  U 
direct  organic  communicatiDn  with  tkr 
atigma.  A  similar  esse  of  latber  i 
more  complicated  land,  and  not  n  eaalj 
witnessed  as  the  last,  oecnn  in  the 
Itirift  plant  ( Anneria  vnlgaria),^.  1 H. 


Let  the  ellipse  aa,^.  A,  represent 
a  section  of  tne  ovary  of  this  plant. 
From  its  base  there  arises  an  umbilical 
cord//,  which  curves  after  reaching 
about  half  the  length  of  the  cavity, 
and  bending  down  upon  itself  arain 
turns  partiallv  up,  bearing  an  ovule  at 
its  apex.  When  very  young  this  ovule 
is  a  sort  of  cup,  the  mouth  of  which  is 
closed  by  a  little  cone,  and  is  turned 
towards  the  apex  of  the  ovary.  From 
all  access  to  tne  dome  of  the  ovary  the 
ovule  is  cut  off,  notwithstanding  its 

fiosit  ion,  by  the  cord  which  over  against 
he  nncrlure  of  the  ovule  spreads  into 
a  kind  of  strap.  It  is  from  the  point 
of  the  ovary  e,  that  the  stigmas  arise ; 
and  from  immediately  below  their  orijiin 
a  short  cylinder  projects  down  into  the 
cavity  of  the  ovary.  Matters  being 
thus  arranged,  the  pollen  falls  upon  the 
stigma,  nnd  pollen  tubes  are  farced  into 
its  tissue  and  gradually  find  their  way 
into  the  cylinder ;  at  the  same  time  the 
ovule  len^tliens,  contracts  at  its  aper- 
ture, and  13  brought  near  the  cjUodei 


by  the  elevation  of  its  umbilical  eord; 
at  last  the  strap  is  slipped  ande,  tbt 
q^linder  lengthens,  the  ovule  rises,  sad 
with  its  aperture  embraces  the  pointof 
the  cylinder,  which  is  somewhat  coni- 
cal, and  which  is  thus  brouftht  into 
contactnith  the  nucleus.  Atthistiow 
the  parts  are  in  the  position  repre- 
sented at  ^.  B  ;  and  if  cut  throuifa 
longitudinal^,  as  at  C,  they  vrill  be 
seen  to  be  placed  in  the  most  fk,vou^ 
able  potition  that  can  be  imai^ned  ta 
enabling  any  fertilising  matter  that 
may  have  been  communicated  to  the 
stigma  to  find  its  way  into  the  interioT 
of  the  ovule. 

What  the  nature  is  of  the  communi- 
cation thus  made  by  the  pollen  to  the 
ovule  throu)!h  the  medium  of  the  pol- 
len-tubes, the  result  of  which  is  fenili- 
xation,  we  have  no  means  of  knowing. 
It  ma^  either  be  a  peculiar  stimnlua 
which  is  required  to  call  into  existence 
an  embryo  germ  of  life  residing  in  the 
point  of  the  nucleu.1 ;  or  it  may  be  the 
ad.  ot  caw&Y^  vich  a  gsnn  to  tlM 


I  ftoni  out  of  the  pollen  grtiiu. 
tu  ue  divided  upon  theM  polnti, 
cy  tat  likely  to  nmtin  lo ;  for 
ranceive  no  raeuu  of  lolving 
iblem.  It  nifty,  ho«ravBr,  b«  r*- 
I.  that  Dr.  Brawn  deckrei  that 
d  not  discover  the  poUen-tiibei  of 
tm,  even  in  their  eorlieat  itsffe, 
in  lent(th  luurdly  equal  to  the 
Br  of  the  KTiun,  to  contain  dia- 
ranulei;  and  tlut  when,  nith  a 
yinfT  power  of  300  or  400,  minnte 
ly  transparent  granular  matter 
rrtoview,  it  was  extremely  di^ 
!ram  the  ^ranulea  of  the  pollen- 

Mtliiiik  much  Mre..  omhllii    J°f  "  "''f"'?"  °T^  S^JiSS- 

Nature  acenu  fo  have  taken  In-  Fig.  lOS. 

laine  to  prevent  eneh  contut 

Awraer,  in  particnlari  then  art 

aaaea  in  wnieh  actnal  eontaot 

lihyiically  impoMibla,  and  there 

len  in  whion  it  bYeryimpro- 

and  although  the  pollen  when 
upon  the  atigma  ia  undoubtedly 
I  of  producing  its  tubes,  yet  a> 
lar  matter  cannot  be  deteoted 
n,  it  may  be  doubtlb]  whether 
llen-tutws  when  deTdoped  are 
iimentaiy  organs.  Several  bo- 
.  and  particularly  Hr.  Bauer, 

that  fertiliiation  takee  pUea  is 
laata  by  tome  peculiar  mode  of 
loommnnieation;  botwhaterct 
I  the  hot  with  regard  to  Orohi- 
plants,  none  can  now  remain  in 

to  Asolepiadcoua  i^ti^  alter 
unous  explanations  of  the  nan- 
which  it  IS  effected  which  have 
td  within  these  few  years,  espe- 
Trom  Ehrenbe^.  Biown,  and 
«  Brongniart. 

wee  plant*  the  itigma  is  a  fleshy 
-nared  disk,  having  a  eland  (Jf. 
•teachangle.  To eaoii gland la 
id  »  pur  of  yellow  bagi  (&)  eoii> 
;  tba  poUra,  laA  caUMl  jknKw 
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ject,  the  result  of  which  jmnred  not  only  table  of  the  result  of  some  experioiettts 

that  pollen  tubes  are  emitted  by  Ascle-  made  by  Theodore  de  Sausisare  upon 

piadeous  plants,  but  that  they  bury  the  proportion  of  oxygen  consumed  by 

themselyes  in  the  stigma  just  as  in  plants  in  proportion  to  their  volume, 

other  plants,  and  as  is  represented  at  when   placed  in  receivers  of  atmos- 

fig»  102,  where  A  represents  a  pollen  pherie  air  over  meroury;  the  ezpeii- 

mass  with  its  pollen-tubes  protruded,  ment  lastinjr  twentjr-four  hours,  and 

and  B  shows  the  manner  in  which  they  the  external  temperature  being  between 

are  introduced  into  the  stigma.  18^  and  25°  centigrade. 
From  these  circumstances  we  may 
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ovule ;  and  that  unless  this  happens  iS5®"?f®»  ?1" 

fertUizaUon  is  not  accomplished.    We  J***®*  ^^^?^®       •     • 

must  here  dismiss  this  curious  subject,  gru^mansia  arborea 

leaving  many  most   interesting  lacts  ™siflora  serrauiolia 

nntold,  and  proceed  at  once  to  other  Hibiscus  sjwciaBus 

matter  Gourd,  sterile  Flowers 

Chapt«  XIII.  TVplS^"!    .•/.'.      9-«    4-to 

Ofih»  Temperature  o/Plowere.  &c.  &c.  &c. 

Tf  we  test  the  temperature  of  a  flower.       It  was  also  ascertained  that  the  sta- 

however  large  it  may  be,  it  is  extremely  mens  and  pistils  are  still  mote  rape- 

probable  that  we  shall  discover  no  dir-  cious  of  oxygen.    Those  of  the  Stoek 

ference  whatever  between  it  and  the  consumed  18  times  their  volume  instead 

external  air.    And  yet  it  appears  cer-  of  Hi;  of  the  Nasturtium.  16*3  instead 

tain  from  well-attested  observations,  of  8*5;  and  of  the  Gourd,  16  instead  of 

and  probabljr  from  theory,  tiiat  flowers  7*6.    But  it  was  found  that  tlus  takes 

have  at  certain  periods  of  the  day  a  tem-  place  to  the  most  considerable  extent  m 

perature  much  elevated  above  that  of  Arums.  While  the  spathe  of  the  oom- 

the  air  which  surrounds  them.  Lamarck  nion  Arum  consumed  only  5  times  its 

found  the   spadix  of  Arum  Italicum  volume  of  oxvgen,  its  spadix  destroyed 

perceptibly  warm ;   and  De  CandoUe  30  times,  and  that  part  on  whidi  the 

ascertained  at  Montpellier,  that  the  stamens  and  pistils  are  placed  as  much 

elevation  of  temperature  commences  as  32  times. 

about  three  o*clock  p.  m^  gains  its  Hence  it  would  seem  that  the  Ueh 
maximum  at  flve  p.m.,  and  ceases  alto-  temoerature  of  flowers  is  owing  to  & 
gether  at  seven.  Senebier  found  the  combination  of  oxygen  and  carixm. 
common  Arum  seven  degrees  warmer  which  produces  a  kind  of  combustioo; 
than  the  air.  Schultz  found  the  spa-  &nd  if  so,  we  ought  to  find  siens  of  dis- 
dix  of  Caladium  pinnatifidum  four  or  en^a^ement  of  caloric  by  sJl  flowers 
five  degrees  warmer  than  the  air  ;  It  is,  tiowever,  to  be  remembered,  thst 
othera  have  ascertained  the  same  part  in  bv  far  the  greater  number  of  flowers 
in  Arum  cordifolium  to  acquire  as  much  the  heat  is  carried  off  by  the  atmoi- 
as  thirty  degrees  of  temperature  above  phere  the  instant  it  is  diseng^nged,  and 
that  of  the  air  at  sun-rise ;  and  finally,  that  it  is  only  where  flowers  are  od- 
Theodore  de  Saussure  assured  himself  lected  in  great  numbers  within  cases 
that  even  in  the  Gourd,  and  other  com-  which  act  as  non-conductors  and  con- 
men  plants,  the  temperature  rises  half  fine  the  heat,  as  happens  in  Arums, 
a  centigrade  degree.  The  fact  being  that  the  elevation  of  temperature  be- 
thus  incontestable,  it  is  interesting  to  comes  appreciable. 

th'eo!^!''"'*  ""^  "  ^  conformable  to  Chapt.r  XIV. 

It  is  well  known  that  the  petals  and  Of  Fruiting, 

all  other  coloured   parts    (p.  90)    of  Immediately  after    fertilization    hss 

plants  deprive  the  air  of  its  oxygen,  taken  place,  all  the  parts  of  the  ovary 

which  combines  with  their  carbon  and  swell,  the  ovule  closes  its  ap^ure,  the 

forms  carbonic  acid :  that  this  takes  stigma  loses  its  humidity,  the  vessels 

place  at  particular  hours  to  a  great  of  the  style  collapse,  and  the  latter 

extent,  as  is  evident  from  the  foUowmg  gr^axi  either  drops  off  or  tuvdens  upon 
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the  ovaiy  as  a  rigid  process ;  while  at  are  approaching  that  state.  If  ex-^ 
the  same  time  an  embryo  plant  deve-  posed  to  the  sun,  they  disengage  al- 
lopes  in  the  inside  of  the  OYule.  This  together  or  in  part  the  oxygen  which 
ktter  occurrence  never  supervenes  un-  they  inspired  during  the  night,  and 
less  the  act  of  fertilization  is  accom-  preserve  no  trace  of  this  acid  in  their 
plished  ;  all  the  others  may  take  place,  own  atmosphere.  If  many  fruits  are 
the  ovaiy  may  grow,  and  even  the  in-  detached  from  the  plant,  they  thus  add 
teguments  may  acquire  their  mature  oxyj^nto  airwhicn  contuns  no  car- 
dimensions,  in  the  absence  of  it.  bonic  acid.    When  their  vegetation  is 

In    l^  far  the  greater  number  of  veij  feeble,  or  extremely  languid,  they 

eases,  the  pericarp  becomes  more  and  vitiate  the  air  under  all  circumstances, 

more  leathery,  woody,  cartilaginous,  or  but  less  in  the  sun  than  in  the  shade, 

membranous,  and  gradually  changes  Green  fhiits  detached  fh)m  a  plant, 

from  green  to  brown  or  white ;  and  in  and  exposed  successively  to  the  action 

such  cases  the  world  is  scarcely  con-  of  the  sun  and  of  darkness,  change  it 

scious  of  the  production  of  fruit.    But  but  little  or  not  at  all  either  in  purity 

in  some  instances  the  pericarp  acquires  or  in  volume.    The  trifling  variations 

a  greater  volume,  becomes  succulent  that  ma]r  be  remarked  in  this  respect 

instead  of  drying  up,  often  acquires  the  depend  either  upon  the  greater  or  less 

gayest  colours*  and  in  time  becomes  faculty  which  they  have  of  elaborating 

what  we  ponularly  term  fhiit,  that  is,  carbonic  acid,  or  m  their  composition, 

a  body  whicn  may  be  eaten,  or  looks  which  is  modified  according  to  the  de- 

as  if  it  might.    It  is  said  that,  in  the  gree  of  their  ripeness.  Thus  Grapes  in 

former  of  these  cases,  the  surface  of  the  a  state  of  verjuice  appear  to  assimilate 

fruit  abounds  in  stomates,  which  en-  in  small  quantity  the  oxygen  of  the 

able  the  fluid  matter  of  the  pericarp  carbonic  acid  which  they  form  in  the 

to  be  freely  evaporated,  and  that  in  the  air  where  they  vegetate  both  day  and 

latter  an  absence  of  stomates  causes  night ;  while,  on  the  contrary.  Grapes 

the  fluid  matter  to  accumulate  {  but  it  nearly  ripe  give  back  almost  entirely 

is  to  be  suspected  that  there  is  more  during  the  day  to  their  own  atmosphere 

hypothesis  than  truth  in  this  specula-  the  oxygen  of  the  carbonic  acid  they 

turn.     Be  that  however  as  it  may,  it  is  have  formed  in  darkness.    If  there  is 

with  the  latter  class  of  fruits  that  the  no   deception    in   this    circumstance, 

worid  is  most  conversant,  and  in  which  which,    although    feeble,    appears    to 

it  is  most  interested,  and  to  which  it  is  have  been  constant,  it  marks  the  pas- 

therefore  most  desirable  that  we  should  sage  from  the  acid  to  the  sweet  state 

turn  our  attention.    We  will  consider  bjr  indicating  that  the  acidity  of  ver- 

them*  flrstlv*  as  to  their  action  upon  juice  depends  upon  the  fixing  of  the 

the  atmosphere,  and  secondly,  as  to  the  oxygen  of  the  air,  and  that  this  acidity 

nature  of  the  changes  which  lead  them,  disappears  when  the  fruit  no  longer 

flom  being  acid,  austere  bodies,  to  be-  seeks  for  carbon  in  the  air  or  in  car- 

oome  the  rich,  sweet,  fiti^^nt,  and  bonic  acid.     Green  fVuits  decompose 

often  luscious  productions,  which  we  either  entirely  or  in  part  not  only  the 

And  in  the  Peaeti,  the  Orange,  the  Fig,  carbonic  acid  they  have  produced  dur- 

the  Grape,  and  the  like.  ing  the  night,  but  in  addition  such 

With  reference  to  the  first  of  these  quantity  as  may  be  artificially  added 
eonsiderations,  the  words  of  Theodore  to  their  atmosphere.  When  this  last 
de  Saiutnre  are  the  only  ones  which  it  experiment  is  tried  with  fruits  which 
is  necessary  to  ouote.  **  Fruits,  while  are  not  watery,  and  which,  like  Apples 
men,  whether  leafy  or  fleshy,**  says  and  Grapes,  elaborate  but  slowly  car- 
flits  great  observer, ''act  much  as  leaves  bonic  acid,  one  sees  that  they  absorb 
etthor  in  the  sun  or  in  shade,  and  differ  in  the  sun  a  much  larger  proportion  of 
from  those  org^ans  principally  in  the  gas  than  the  same  volume  of  water  in 
intensity  of  their  action.  In  ttie  night  a  similar  mixture ;  afterwards  they  dis- 
they  d^roy  the  oxygen  of  their  at-  engage  the  oxys^en  of  the  carbonic  acid 
mosjphere,  and  replace  it  with  carbonic  abion>ed,  and  thus  appear  to  elaborate 
acid,  which  they  partially  absorb  again,  it  in  their  interior. 
This  absorption  is  generally  less  in  the  **  They  appropriate  to  themselves 
open  air  than  under  a  receiver;  and  during  their  vegetation  both  oxygen 
their  volome  remainin^^  the  same,  they  and  water,  compelling  the  latter  to 
consone  more  oxygen  m  darkness  when  lose  its  liquid  slate, 
distant  ftwn  ripenesa  than  when  they       **  These  tesnWa  aro  oiV«iv  xvc^  ^^t^* 


114  BOTANY* 

able  in  valunaes  nf  air  leas  than  from  This  diminution  aiipears  to  depend 

30  to  40  limes  th^t  of  the  volume  of  in  part  upon  the  fruit  absncbing  Um 

the  fiiiit,  aiiil  h;  diminishing  the  heat-  water  as  it  npproaijlieg  malnril;.  and 

ing  power  of  the  »un.    If  such  pre-  in  part  upon  the  combination  with  iK 

cautions    are    neglected,  many   fruits  tissue  of  apoilion  of  the  water  it  hu 

will  vitiate  the  air  even  in  the  Bun  by  received.    Sugar,  on  the  contrary,  ap- 

forming  carbonic  acid  with  the  ambient  pears  to  be  continually  on  the  increace, 

oxygen ;  but  even  in  the  latter  case,  as    indeed   the  tatle  woidd   tell  us ; 

the  simple  comparison  of  their  eflect  thus  we  finil,  pi>r  cent., — 

in  light  with  what  they  produce  under  cmn.      Birr, 

the  influence  of  night  and  darkness.  Apricots  (a  trace  when 

demonstrates  that  they  decompose  car-  young,  alterwards)    .     0-G4     16-4S 

bonie  acid.''  Red  Currants           .            0-53       6-31 

With  regard  to  the  alterations  which  Duke  Cherries     .         .     r  13     19- 12 

the  constituent  parts  of  fruit  undergo  Green  GaRe  Plum*  .       im     24'BI 

during  the  action  of  the  preceding  phe-  Melting  Peauhea  .         .     0-63     irei 

nomena,  and  in  the  course  of  malura-  Jargonelle  Pears     ,           C-4.1      11 -.in 

lion,  we  cannot  do  belter  than  repro-  This  BnE;ar  i»   sometimes  in  a  ^tate 

duce  the  results  obtained  by  Be  Can-  more  or  less  eonorele,  as  in  the  Grape, 

dolle,  from  the  observations  of  Bfirard  the  Fig,  and  the  Peach,  sotnelimei  in 

of  Montpelier.  a  liiiuid  slate,     h  seems  to  be  formed 

If   we    examine    the    modifications  at  tne  expense  of  other  mntter*,   the 

which  the  fle^h  of  fruits  underfroes  in  proportion  of  which  diminishes.    Thu< 

ripening,  we  shall  at  first  remark  that  the  qnantily  of   lignine  per  cent,  is 

their  fibrous  or  cellular  tissue  (which  found — 

varies  very  much  in  quantity  in  ditfei^  oi«n.  nip». 
ent  specius)  is  merely  Ugnine.  In  Apricots  .  .  .  3-Gl  iH 
most  OHSci,  especially  in  very  fleshy  Unrranls  (including  the 
Iruits,  hghter,  lexs  toush,  and  more  .'^eeds)  .  ,  .  B'43  S'OI 
easily  aolulile  in  alkdine  solutions  Duke  Cherries  .  .  a-41  I'U 
than  common  lignine;  but  presenting  Green  Gairo  Plums  ,  i'-dii  r  1 1 
characters  of  an  opposite  kind  in  other  Melting  Peaches  .  .  a  (li  l  ■'>[ 
parts  of  the  same  fruit,  such  as  their  .largonelie  Pears  Tkh  .i'li 
Stones.  It  is  passible,  indeed,  that  the  lig- 
The  liquid  which  flUa  the  &eih  of  nine  formed  in  the  green  fruit  did  not  in 
succulent  pericarps  consists  of  sap  reality  diminish,  but  that  the  dilata- 
piaced  in  the  inter-cellular  passages  tion  of  the  cellular  tissue,  and  coni»< 
and  of  the  matter  contained  in  the  quently  the  augmentation  of  the  aque- 
cells.  This  liquid  of  the  flesh,  or  of  ous  products  rendered  it  proptortionahly 
the  fleshy  endocarp,  contains,  besides  less,  without  its  being  alisohilely  so. 
a.  great  quantity  of  water,  sugar,  gum,  But  the  gummy,  mucilaginous,  or  gela- 
malic  acid,  malate  of  lime,  colouring  tinous  matters,  appearverv  siisoepiible 
matter,  a  vegeto-anim&l  substance,  of  changing  into  sugar:  thus,  M.  Con. 
and  an  aromatic  secretion  peckdiar  to  verchel  has  found  that  if  v«e  treat 
each  fruit :  there  is,  moreover,  in  cer-  apple  jelly  with  a  vegetable  acid  di»- 
lain  cases,  the  tartrates  both  of  potaah  'solved  in  water,  we  obtain  a  sugar  ana- 
and  of  lime,  as  in  Grapesj  and  cifrio  logons  to  that  of  Grapes;  that  the  cum 
acid  in  the  Lemop.  and  evan  in  small  of  Peag.  plaeed  with  oxalio  acid, In  a 
quantity  in  the  Gooseberry,  temperature  of  123°  (R6aum.)  chanfid 
A  compai-ison  of  the  analysis  of  car-  to  suzar  ;  that  gum  extracted  from 
tain  fruils  before  they  are  npe  and  at  starch,  if  mined  with  the  juice  of  gi*en 
that  period  uives  some  curious  results.  Grapes,  rende[«d  the  latter  saccharine ; 
Inthe first placethereisadisappearance  and  finally  that  tartaric  ncid  will  pro- 
of wpter  in  a  liquid  itate,  viz,  per  cent.—  duce.the  same  effect  by  aid  ofhest :  this 
Wucrbt-  wwrit  is  the  reason  why  most  fruits  become 
fwiiip.ntM.  niteocw.  sweet  when  Cooked, 

74-87  Other  matters  oifer  remarkable  dis- 

81'  10  parities  between  onefVuit  and  another : 

74'85  ihus  malic  acid  keeps  diminishing  in 

71-10  Apricots   and    Pears,    augmenting  in 

80'24  Curranls,Cherries,Pluras,  and  Peaches. 

83'88  Gum  kee^s  diminishing  in  Currants, 


Apricots     .     .     . 

.   89-39 

Currants  .     .     , 

.     86-41 

Duke  Cherries 

.   88-28 

Green  Gages  .     . 
Melting  Peaches  . 

.      74-87 

.  80-31 

Jargonelle  Peart . 

,     S6'28 
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Cherries,  Plums,  and  Pears,  and  augf-  Brown  in  Orchideous  plants.    As  the 

roenting    in    Apricots    and    Peaches,  embryo   advances  in  size,  it  projects 

Animal  matter  keeps  diminishing  in  forwards  into  the  cavity  of  the  ovule, 

Apncots  and  Plums,  and  increasing  in  absorbing    the     fluid-matter     wh.ch 

Currants,  Peaches,  Cherries, and  Pears,  bathes  it,  till,  when  it  is  iinally  ripe, 

Lime,  which  never  exists  except  in  there  is  no  longer  any  water  in  an  un- 

small  quantity,  seems  generally  to  di-  fixed  state.    During  the  solidification 

minish,  probably  because  evaporation  of  its  parts  it  gradually  exchanges  its 

becomes  less  with  maturity.  saccharine  quality,  which  seems  com- 

With  re&fard  to  the  alterations  which  mon  to  all  seeds  when  young,  lor  the 
fruits  undergo  atter  ripening,  in  most  amylaceous,  oily,  resinous,  and  other 
instances  decaying  and  in  others  blet-  secretions  whicn  are  peculiar  to  it. 
ting,  there  are  several  circumstances  It  also  deposits  among  its  tissue  a  va- 
deserving  of  attention.  These  two  riable  quantity  of  earthy  matter,  and  of 
states  of  decomposition  cannot,  accord*  carbon,  which  contributes  to  give  it  a 
ing  to  BIrard,  take  place  except  by  certain  degree  of  hardness,  which  in 
the  action  of  the  oxygen  of  the  air,  al-  some  instances  is  of  a  stony  consistence, 
though  he  admits  that  a  very  small  All  this  accomplished,  it  acquires  a 
quantity  only  is  sufficient  to  cause  it.  greater  weigjht  than  water,  and  conse- 
He  succeeded  in  preserving  for  several  quently  if  npe  seeds  are  thrown  into 
months,  with  little  alteration,  the  fleshy  that  fluid  they  will  sink  if  they  are  pro- 
fruits  which  were  the  subjects  of  the  perly  matured,  unless,  as  happens  in 
foregoingexperiments,  by  placing  them  some  cases,  the  integuments  of  the 
in  hydrogen  or  nitrogen  gases.  All  seed  contain  air-cells,  or  there  should 
fruits  at  this  extreme  period  of  their  be  a  cavity  in  the  centre  of  the  seed 
duration,  whether  they  decay  or  whe-  itself. 

ther  they  blet,  form  carbonic  acid  with        Although  the  deposition  of  earthy 

their  own  carbon  and  the  oxygen  of  the  or  other  solid  matter  is  what  marks  the 

air,  and  moreover  disengage  iVom  their  complete  maturity  of  a  seed,  yet  it  ap- 

proper  substance  a  certain  quantity  of  pears  that  this  condition  is  not  neces- 

carbonic  acid.  sary  to  secure  germination,  for  Bene* 

f   Blet  ting  is  in  particular  a  special  bier  found  that  unripe  Peas  vegetated 

alteration ;  it  appears  that  the  more  more  freely  than  ripe  ones.    It  rather 

austere  a  fruit  is  before  this  is  brought  appears  to  be  a  provision  of  nature  to 

on,  the  more  it  is  capable  of  blet-  protect  them  from  accidents,  and  to 

ting  regularly.     It    has   been  found  enable  them  to  resist  in  safety  the 

that  A  Jargonelle  Pear  in  passing  to  many  vicissitudes  the^  are  likely  to 

this  state  loses  a  great  deal  of  water  experience,   after  havme  once  sepa-* 

(83*88  reduced  to  82*  73),  pretty  much  rated  from  their  parent  plant. 
sugar  (11*52  reduced  to  8  *  77),  and  a       It  appears,  indeed,  as  if  the  longevity 

little  lignine  (2*19  reduced  to  1  *85) ;  of  seeds,  that  is  to  say  the  length  of 

but  acquires  rather  more  malic  acid,  time  they  can  preserve  their  vegeta^ 

gum  and  animal  matter.    Lignine,  in  tive  powers,  depends  very  much  upon 

particular,  seems  in  this  kind  of  altera-  the  completeness  of  the  protection  af- 

tion  to  wndergo  a  change  analogous  to  forded  tne  embryo  by  its  integuments. 

that  of  wood  m  decay.  (rardeners  know  how  impossible  it  is 

Withregard  to  the  ripening  of  seeds,  to  preserve  very  delicate  seeds  with 

it  may  be  remarked  that  in  all  cases  thin  skins  more  than  a  few  weeks  or 

the  first  thing  that  occurs  after  fertili-  months;    while,  on  the  other  hand, 

sation  is  the  closing  up  of  the  aper-  hard,  bony  seeds  have  been  known  to 

ture  of  the  ovule ;  next  to  which  comes  germinate  after  the  lapse  of  a  great 

the  appearance  of  the  embryo,  which  number  of  years.  When  land  is  cleared, 

is  originally  an  opaque  speck  near  the  or  ancient  ditches  emptied,  or  earth 

apex  of  the  nucleus,  and  which  at  that  broken  un  to  a  considerable  depth,  as 

time  is  surrounded  by  a  mucous  fluid,  in  well-digging,    it  not  unfrequently 

irom  which  it  seems  to  derive  its  nu-*  happens  tnat  plants  spring  from  the 

triment.    Although  in  many  cases  no  mould,  whose  seeds  must  have  been 

trace  is  finally  ^seoverable  of  a  chord  buried  for  many  years  or  ages.    Even 

connecting  the  embryo  with  the  point  when  exposed  to   the  vicissitudes  of 

of  the  n^eus,  yet  in  some  instances  climate,  seeds  m\\  otlt^xi  ^to^^  ^^^t 

such  a  eonmunication  is  plainly  risible,  many  yean;  aeeda  ot  m^ysyMk  \w%^ 

as  in  Zamis  and  C^esj^Aod  according  to  beeu  knoim  \o  ^ra^  «^.et  VnN.^-^\w^ 
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years,  Indian  Wheat  afler  thirty  vears,  »dd  that  seeds  Bre  wellknown  to  travel 

Rye  after  forty  years,  Sensitive  tlant  best  in  their  own  pods,  or  {terieam; 

aner  sixty  yean,  and  Kidney  Beans,  may  we  not  suppose  that  their  vitality 

talien  from  Tournelbrt' «  herbarium,  a  is  preserved  in  such  instancea^  by  the 

hundredyearsafter  they  were  gathered,  non-conducting  quality'of  the  urwhicb 

It  is  extremely  diffi<;ult  to  say  what  the  cavities  of  the  fruit  conlaia  ? 
the   conditions    are  under  which  the 

vitality  of  seeds  is  thus  preserved,  so  Chaftxk  XV. 
conflictine  are  the  statements  of  culti-  -,,  ^— „.-_„(,~. 
vators,  and  w  UtUe  apparent  connex-  °J  Germnalwn. 
ion  have  the  instances  of  seminal  Ion-  When  a  plant  has  ripened  its  fruit  and 
gevity  with  each  other.  It  may,  how-  fully  fomied  its  seeds,  it  has,  to  a  ^3t 
ever,  upon  the  whole,  be  infeired  from  extent,  fiilfiUed  its  destiny,  and  it  has 
the  duration  of  seeds  buried  in,  the  a(u:o[nplished  the  important  act  of  re- 
earth,  and  from  other  circumstances,  producing it»  like.  Itwillby  that  time 
that  the  principal  conditions  are,  1,  have  gone  through  all  the  phases  of 
UDtform  temperature  ;  2.  moderate  dry-  gtuwih,  and  to  whatever  number  of 
ness ;  and  3.  exclusion  of  light.  And  years  it  msy  aRerwards  exist,  its  life 
it  will  Iw  found  that  the  success  with  will  be  only  a  repetition  of  plienomena 
which  seeds  are  transported  from  to-  thnt  have  already  occurred  to  it. 
reign  countries  in  a  hving  state  is  in  The  act  of  germination,  therefore, 
proportion  to  the  care  and  skill  with  which  is  the  spnnging  into  life  of  s 
which  these  conditions  are  preserved,  new  individual,  is  to  be  considered  tlie 
For  example,  seeds  brought  from  India,  fii-st  period  of  growth,  and  the  com- 
round  the  Cape  of  Good  Hope,  rarely  mencement  of  a  future  system,  not  the 
vegetate  freely ;  in  this  case  the  double  termination  of  an  old  one.  as  mi^bt 
exposure  to  the  heat  of  the  equator,  he  supposed  from  the  subject  beinj 
and  the  subsequent  arrival  of  the  seeds  mentioned  thus  late  in  the  present 
in  cold  latitudes,    are    probably    the  sketch. 

causes  of  their  death,  for  seeds  brought  A  seed  when  beginning  to  grow  pre- 
overland  from  India, and  therefore  not  spntstherolioivingrcmarkabie features, 
exposed  to  such  fluctuations  of  tern-  If  placed  in  a  humid  medium,  and  ex- 
perature,  ^renerally  succeed.  Others,  posed  to  a  moderate  degree  of  wannth, 
again,  which  cannot  be  conveyed  with  it  absorbs  the  ambient  fluid,  distends, 
certainty  if  exposed  to  the  air,  will  tra-  hursts  its  integuments,  protrudes  ■ 
vel  in  safety  lor  many  months  if  bu-  root  downwards  into  the  earth,  and 
ried  in  clay  rammed  hard  in  boxes ;  in  shortly  after  elevates  a  stem  into  the 
this  manner  only  can  the  seeds  of  the  air.  This  is  all  tliat  strikes  the  ordinary 
Mungo  be  brought  alive  from  the  West  observer  ;  but  if  the  seed  be  examined 
Indies  ;  and  it  was  thus  the  principal  more  carefully,  it  will  be  found  to  ab- 
part  of  the  Araucaria  Pines,  now  in  sorb  oxygen  from  the  air  that  surrounds 
England,  wei'e  transported  from  Chile,  it,  and  to  give  off  carbonic  acid  in  eon- 
It  may  thejefore  be  well  worth  consi-  siderable  quantity.  By  Ihia  means  it 
deration  whether,  by  some  artificial  gets  rid  of  the  carbon  of  which  it  oriei- 
contrivance,  in  which  these  principles  nally  consists  in  a  high  degree,  audits 
shall  be  kept  in  view,  it  may  not  be  parts  are  softened  by  water  and  ren- 
possible  to  reduce  to  something  like  dered  more  capable  of  extension  and 
certainly  the  preservation  of  seeds  in  expansion.  If  a  seed  is  made  to  gei^ 
long  voyages.  Such,  for  instance,  minate  in  light  this  hapjiena  in  aless 
as  by  surrounding  them  by  many  degree  ;  hut  in  light  or  in  darkness  it 
layers  of  non -conducting  matter:  as  happens  always.  Such  being  thecase. 
case  over  case  of  wood;  or  by  ramming  and  such  the  struggle  on  the  part  of  the 
every  other  space  in  such  cases  with  seed  to  get  rid  of  its  carbon  by  convert- 
elay  in  a  dry  state.  These  means  seem  ing  it  into  carbonic  acid,  we  may  con- 
more  likely  to  answer  their  end  than  elude  that  whatever  favonra  or  im- 
the  usual  modes  of  putting  seeds  in  pedes  the  destruction  of  carbon  during 
bottles,  packing  them  in  charcoal,  or  germination  will  be  advantageous  or 
surrounding  them  by  coats  of  wax—  thecontrary  to  the  function.  And  this 
allof  which,  it  is  well  known,  are  ab-  explains  the  cause  of  seeds  buried  at 
splutely  prejudicial,  insiead  of  benefi-  great  depths  beneath  the  soil,  where 
cM  to  the  seeds.  In  illustration  of  they  are  cut  off  from  communieatioa 
frhat  we  hare  recommended,  we  may  ^\ux  \\w  on.'^^i&n  of  \3m  «taao>phn«. 
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Kmaininc:  for  so  many  years  without  small  and  delicate.    Grourd  seeds  have 

germinating.    In  fact  it  has  been  as-^  had  their  radicle  cut  awa^  as  soon  as 

certained  l^  experiment,  that  if  seeds  it   began  to  fruit,  and  it   has  been 

are  placed  either  in  vacuo,  or  in  an  afterwards  incessantly  destroyed  as  it 

atmosphere  of  nitrogen  or  hydrogen,  lengthened;    the  plumule   also   has 

they  will  not  germinate ;  and  still  less  been  cut  away,  ana  yet  in  both  cases 

in  cartM)nic  acid.    It  is  a  remarkable  germination  has  gone  on  as  usual.    Of 

circumstance,  and  one  which  is  of  no  course  there  must  be  a  limit  to  these 

little  interest  in  pointing  out  the  won-  mutilations,  but  De  Candolle  exclaims, 

derful  foresight  with  which  every  part  •*  Where,  then,  is  life  ?    Where  is  the 

of  the  creation  is  adapted  to  mundane  seat  of  that  mysterious  principle  which 

conditions,  that  after  many  trials  it  has  compels   all  the   powers   of   decom- 

been  found  that  seeds  germinate  most  position  to  obey  its  call,  to  change 

freely  in  an  atmosphere  consisting  of  their  nature,  ana  to  become  powers  of 

one  part  oxygen  and  three  parts  nitro-  recomposition  ?"    This  question  is  so 

gen,  which  is  nearly  the  proportion  of  difficult  to  answer,  that  we  shall  pass 

the  Mr  we  breathe.    If  the  quantity  of  it  by  in  silence. 
oxygen  is  increased,  the  caroon  of  the 

embryo  is  abstracted  too  rapidly,  and  Chapter  XVI. 
the  young  plant  is  feeble ;  if  the^ro-  r^r*i.    d       j    *•       ^^        i 
portion  is  smaUer,  carbon  is  not  lost  in  Of  '^*  Reproduction  of  Fkwerksi 
sufficient  quantity,  and  the  young  plant  FlanU. 
is  scarcely  capable  of  being  roused  into  The  foregoing  observations  have  car- 
life.    These  facts  lead  us  to  doubt  the  ried  us,  somewhat  superficially  it  must 
accuracy  of  those  experiments  which  be  confessed,  but  at  the  same  time  con- 
seemed  to   prove   that    germination  secutively,  through  all  the  principal  cir- 
might  be  accelerated,  or  even  death  cumstances  that  occur  in  the  life  of  a 
arrested  in  seeds  by  excess  in  doses  of  perfect  plant. 

oxygen ;  and  it  is  well  known  that.  All  that  relates  to  imperfect  plants, 

altKough  the  name  of  Humboldt  has  or  those  which  are  increased  by  simple 

been  enlisted  in  the  support  of  such  division  of  their  own  substance  and  not 

•peculations,  they  are  by  no  means  con-  by  seeds,  is  equally  explicable  upon 

nnnable  to  experience.  the  same  rules,  with  the  single  excep- 

The  consequence  of  the  destruction  tion  of  their  reproduction.    Upon  this 

of  the  oxygen  of  the  air  by  the  carbon  head  it  is  necessary  that  we  should  offer 

of  the  seed  produces  a  sensible  heat  a  few  special  remarks. 

ID  germination,  just  as  a  similar  cause  It  must  be  obvious  upon  considera- 

produces  a  like  effect  in  flowers.  Hence  tion,  that  plants  in  which  there  exists 

the  heat  of  the  masses  of  Barley,  which  neither   stamens  nor  pistils,  and   in 

are  made  to  germinate  in  darkness  in  which  there  consequently  cannot  take 

order  to  become  malt.     And  it  can  place  any  of  those  phenomena  we  have 

scarcely  be  doubted  that  the  change  of  lately  been  examining,  must  also  be 

the  starch  of  that  grain  into  sugar,  is  destitute  of  seeds ;  for  a  seed  is  nothing 

equally  owing  to  tne  abstraction  dT  a  but  a  sac  of  mucous  matter  in  a  par- 

propoition  of  its  carbon,  and  the  ad-  ticular  state  of  organization  into  which 

dition   of  some   other   proportion  of  either  the  germ  of  a  new  individual  has 

oxygen.  been  conveyed,  or  wherein  its  existence 

Inere  can  be  no  reasonable  doubt  has  been  produced  by  some  unknown 
that  everything  that  has  been  created  action  of  pollen.  That  Nature  has  not, 
has  been  destined  for  some  important  however,  neglected  the  means  of  pro- 
purpose,  and  consequently  one  would  pagating  the  lower  tribes  of  plants,  is 
expect  that  every  part  of  a  seed  ia  im*  plain  from  their  great  abundance  in 
portant  to  the  well-being  of  that  seed,  favourable  situations ;  and,  upon  ex- 
Nevertheless,  it  has  been  found  pes*  amination,  we  find  that,  if  they  have 
sible  to  deprive  an  embryo  of  many  of  not  reproductive  organs  like  those  of 
its  parts,  without  actually  destroying  plants  of  a  higher  organization,  they 
its  vitality.  Kidney  Beans  will  grow  are  furnished  with  matter  of  another 
pretty  well  with  only  one  cotyledon,  kind  which  answers  the  purpose  equally 
or  even  with  neither ;  only  in  the  latter  wdl.  This  matter  consists  of  what  are 
case  the  young  plant  is  very  Heebie.  ciHed  tparuUi  or  spores,  Rnd  ia  lod^^ 
Oaka  ao  treated  have  grown  m  several  in  parts  wbicVv  mv)  \^  ^oxvsA^x^\  «xAr 
years»  but  were   aJira/a  remarkably  logouti  in  tV\^  IwncMvya  Vq   «^r^^^ 
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ftlthou^  they  haye  not  only  Aoteseni'  t^qulvocal  generation.  In  their  opinion 
blance  in  atiuoture  to  thoie  parts  in  there  is  a  common  matter  of  vczeta- 
flowering  plknti,  but  also  very  little  tion,  of  which  the  ereen  mutter  of 
among  each  other;  the  ipore  cases  Priestley  may  be  Iftken  as  the  pureit 
being  sometimes  elaborate  pieces  of  or-  form,  consistinsc  of  simple  e;lobu1ar  cel- 
ganiiation,  as  in  Ferns  and  Mosses,  liiles,  and  pos^essine  the  vital  prindple 
and  sotnetimei  mere  simple  tubes  in  each  cellule.  They  suppose  Ihst 
buried  in  the  substance  of  the  plant.  Bi  such  cellules  have  no  specific  ponec  of 
ID  Lichens,  Fungi,  &c  reproduction.butthat  the  various  forma 
In  the  more  perfect  of  the  tribes  of  into  which  they  eventually  grow  d^ 
flowerless  plants,  there  can  beno  doubt  p«nil  upon  the  Btmospheric  and  olhu 
that  sporea  act  precisely  like  seeds  circumstances  to  which  the  cellulei 
in  reproducing  the  species;  for  if  those  may  be  exposed,  and  not  to  any  ia- 
from  the  back  of  the  leaves  of  Ferns,  trinsic  propeily  of  their  own.  Thu* 
or  from  the  mm  of  a  Moss  are  sown,  such  matter,  which  exists  ever3rwhne, 
at  they  have  often  been,  they  uniformly  if  called  into  lire  upon  a  bare  wall  be- 
produce  the  same  species  as  that  from  comes  a  Lichen,  m  a  dark  cellar  a 
vrhich  they  were  denved.  In  regard  to  Fungus,  in  the  skin  of  a  plant  a  Para- 
these  plants,  then,  no  difference  exists  site,  and  in  water  a  Conferva.  It  is 
between  seeds  and  spores,  except  as  to  thoifght  that  several  circumstances 
the  origin,  organization,  and  mode  of  tend  to  show  the  justice  of  such  opi- 
development  of  the  latter.  Instead  of  nions  ;  a  Conferva,  for  instance,  is 
having  their  centre  divided  into  plu-  never  found  in  any  other  medium  thka 
mule  and  radicle,  to  which  one  or  two  water,  and  a  Lichen  only  in  air.  JImj 
cotyledons  are  attached,  thev  are  mere  forms  of  matter  are  said  to  be  unifonulf 
homogeneous  masses  of  cellular  sub-  productive  of  the  same  species  of  plant, 
■tance  ;  and  instead  of  uniformly  as,  for  example,  decayed  cheese,  which 
growing  from  two  constant  pcnnts  of  has  alwnys  the  same  kind  of  fungi — 
f  heir  surface,  fe)m  one  uimarda,  and  the  Berberry,  the  liose,  and  a  host  of 
from  the  other  downwards,  they  are  otheiplanls,  whose  parasites  are  alwkya 
capable  of  sprouting  into  root  or  stem  confined  to  partici^lar  species,  and  some- 
indifferently  from  any  point  of  their  times  to  particular  organs,  those  of  the 
surface ;  the  nature  of  the  part  the  bark  not  bdng  always  the  same  u 
■pore*  produce  depending  not  upon  those  of  the  leaves.  If  a  plant  of  these 
pre-existing  organization,  but  upon  ac-  three  tribes  is  examined  mitroscopi- 
cidental  circumstances.  When  they  cally,  it  will  he  fmmd  th?t  it  i'  -'^-n  a 
begin  to  grow,  that  portion  of  the  sur-  mere  uinss  of  cclUil"'-.  i  \ir!  !■  l''„i'  rlie 
face  which  is  exposed  to  light  extends  spore  or  reproductive  cellule,  except 
into  a  stem,  and  that  which  is  turned  in  colour ;  and  that,  even  in  this  re- 
to  darkness  and  humidity  becomes  root,  spect,  there  is  not  always  adiffierenes; 
Mirbel  found  in  his  experiments  upon  for  in  suoh  species  »a  the  Red  Sdow- 
Marchantia,  that  it  was  possible,  up  to  plant  the  cellules  are  all  alike  in  ooloar 
a  particular  period  of  the  growthofthe  as  well  as  form.  Itis  further  assarted 
aporesof  that  plant,  to  induce  theparts  that  the  power  of  reproduction  is  not 
they  had  developed  to  change  their  confined  to  the  spores,  but  exists  in  all 
functions,  the  rudimentary  stem  taking  the  celts  of  which  these  plants  eire  com- 
on  itseir  the  office  of  a  root,  and  the  posed  ;  and  we  are  told,  hy  certain 
new-born  root  becoming  stem  when  German  writers,  that  if  a  Lichen  lie 
their  situation  was  inverted.  rubbed  in  pieces,  its  powder  nill  pr^- 
It  may  be  considered,  then,  an  un-  duce  a  Lichen-like  plant,  although  the 
doubled  fact  that  the  higher  triltes  of  spores  are  not  allowed  to  mingle  with 
flowerless  plants  are  mulliplied  by  the  powder.  It  has  been  shown  that 
their  spores,  and  reproduce  their  spe-  one  supposed  species  of  merely  cellular 
cles  each  after  its  hind,  just  as  much  plants  is  transformed  into  another; 
as  flowering  plants  by  their  seeds.  But  and  that  even  different  genera  might 
with  regard  to  the  most  simple  forms  be  seen  to  emanate  from  the  very  same 
of  vegetation,  such  as  Fungi,  Lichens,  original  seed.  Neea  von  Esenbeck 
and  Sea-weeds,  the  subject  is  involved  watched  the  development  of  a  cob- 
in  so  much  greater  mystery,  thai  there  webby  matter  which  is  common  in 
are  to  this  day  Botanists  of  no  mean  re-  the  hothouses  at  Bonn,  and  be  found 
putation  who  believe  such  plants  to  be  that  when  the  weather  waa  dar^  ■■  in 
■jmxfuced  by  auansalmoat  analogous  iQ  t;tta  'wuAfti  em\  wft^uoa,  n,  ptodnced 
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Sclerotium    myeetospora  ;    but  accordingtothe  external  circumstances 

upon  the  return  of  long,  bright  to  which  it  is  exposed,  it  must  always 

Agaricus   volvaceus   was  bom  be  remembered   that    such  supposed 

it.  cases  have  only  been  found  to  occur 

re  add  to  these  considerations  the  when  common  water  has  been   em- 

lar  fact  that  man  holds,  as  it  were,  ployed ;  and  it  is  absurd  in  any  ob- 

hands  the  power  of  creating  these  servers  to  pretend  to  a  knowledge  of 

s  at  will,  at  least  in  the  instance  what  kind  of  elementary  matter  impure 

e  common  Mushroom,  which  will  water  may  contain.  Itisjustaslikely  to 

s   be  produced  by  an  artificial  contain  the  sperm  of  animalcules,  invisi^ 

ire  of  decayed  and  earthy  matter,  ble  to  our  senses,  as  the  spores  of  plants ; 

not  be  denied  that  a  strong prtmfi  and  this  is  the  more  probable,  when  we 

case  is  made  out  by  those  who  consider  that  no  one  has  ever  procured 

:  the  specific  power  of  reproduc-  either  the  one  or  the  other  from  pure 

n  the  spores  of  the  lowest  tribes  water.    We  have  before  us  ajar  of  dis- 

mts,  and  this  without  having  re-  tilled  water  that  has  been  standing 

e  to  the  more  questionable  state-  freelj^  exposed  to  light  for  eleven  years, 

n  that  spores  become  plants  under  and  it  does  not  exhibit  a  trace  of  or- 

et  of  conditions,  and  animalcules  ganic  matter. 

r  others.  Surely  it  is  more  philosophicali  more 

is,  however,  by  no  means  dear  conformable  to  what  we  really  know, 

these  arguments  are  well-founded,  to  ascribe  the  phenomena  that  have 

f  of  them  are  answerable  upon  the  lately  been  spoken  of  to  mjrriads  of  mi*- 

id  of  our  imperfect  powers  of  ob-  croscopic  spores  jfloating  in  the  atmo- 

tion,  which  lead  us  to  confound  sphere,  and  dispersed  by  currents  of  air 

I  of  matter  which  are  essentially  wherever  that  air  can  penetrate  {  and 

ent.    It  by  no  means  follows  that  those  who  are  practically  acquainted 

s   are  not   differently  organized  with  the  nature  of  spores  will  be  the 

simple  cells,  because  we  cannot  least  likely  to  question  the  probability 

ver  t  tie  difference  in  their  organi-  of  this ;  for  they  best  know  now  incon- 

1.    Let  us  remember  that  these  ceivably  minute,  how  infinitely  numo^ 

can  only  be  distinguished  with  rous,  such  spores  really  are.    Even  the 

fsistance  of  the  finest  microscopes,  common  observer  may  form  some  no- 

ve  all  of  us  know  how  little  those  tion  of  the  ikct  from  the  calculation 

iiments  are  capable  of  revealinjs^,  that  millions  of  millions  must  be  con- 

Ithstanding  all  their  power.    Nei-  tained  in  a  single  Mushroom ;  and  that 

liave  we  a  right  to  say  that  a  cob-  many  hundreos  of  reproductive  parti- 

y  substance  produces  the  genus  cles  are  emitted  by  everv  microscopic 

ic  in  the  summer,  and  the  jg;enus  head  of  the  common  blue  mould  of 

otium  in  the  winter.    We,  in  our  cheese. 

ness,  may  think  fit  to  draw  such  Let  us  not,  then,  be  led  astray  by 
ictions ;  but  our  language  ought  specious  theories  and  imaginary  facts 
T  to  be  that  the  Agaric  and  the  coneeming  bodies  so  far  beyond  the 
otium  are  different  states  of  the  cognizance  of  our  senses ;  but,  in  the 
!  species ;  for  are  they  more  dif-  absence*  of  demonstrative  evidence  to 
t  than  the  Pupa  and  the  perfect  the  contrary,  let  us  believe  the  great  Au- 
erfiy  ?  That  all  sorts  of  errors  as  thor  of  nature  to  be  consistent  with  him- 
e  genera  and  species  of  imperfect  self  in  all  his  works,  and  to  have  taken 
ts  do  exist  among  Botanists  is  no-  care  to  enable  the  most  humble  Sear 
as.  Unger  has  shown  thb  to  be  weed  to  be  multiplied  by  some  means 
;ase  in  Lichens ;  no  one  can  well  as  certain  and  unchangeable  as  is  pro- 
it  that  it  is  so  in  Algfie.  Unger  has  vided  for  the  most  stately  lord  of  the 
i  it  clear  that  not  a  fow  so-called  forest.  We  may  rest  assured,  for  all 
litical  plants  are  mere  morbid  con-  philosophy,  and  all  observation,  and 
ns  of  tne  cuticle ;  and  with  regard  all  reason  prove  it,  that  there  is  no  such 
mgi  in  general,  what  has  just  Been  thing  in  nature  as  blind  chance ;  but 
concerning  their  metamorphoses  is  that  all  things  have  been  carefully  and 
s  sufilcient  to  justify  our  aoubts  in  wisely  designed  with  reference  to  the 
rd  to  the  distinctness  in  nature  of  particular  circumstanoes  under  which 
t  are  called  the  genera  and  spedes  they  exist. 
lat  tribe. 

f  to  the  conrenAon  otUring  matter  ■ 
eUber  animal  ot  vegetable  forms. 
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CHAPTia  XVIL  in  their  primitive  state,  but  are  coin- 
_,  -  .  .  municated,  as  it  were,  to  vegcUlion  bj 
Of  Cobmri.  j,^  ^^^.^  ^^.j .  ^„j  ^.^^  ^hi,  5  the  esact 
Therb  certainly  is  no  point  of  either  truth.  The  tissue  of  pUnts  in  in  itself 
animal  or  vegetable  phjsiology  now  re-  completelycolourless.of  aalvtry  white, 
maining  to  be  explained  of  which  so  or  of  an  exceedingly  pale  yellow ;  the 
little  is  reallyknownasthecauseofthe  matters  contained  in  the  cellules  are, 
varioiw  and  varying  colours  with  which  with  afeweneeptions.of  theaaiaehue; 
organic  matter  is  adorned.  We  see  in  but  all  is  changed  when  they  are  on« 
birds  the  plumage  marked  with  the  exposed  to  solar  light, 
itrongest  contrasts  of  the  most  dissimi-  We  are  accustomed  to  say  that  green 
lar  colours,  reproduced  with  an  exact-  plants  become  white  in  total  darkness, 
ness  which  is  most  wonderful ;  we  find  because  the  phenomenon,  inaccurately 
the  breeders  of  curious  races  able  to  observed,  is  usually  presented  to  ui 
preserve  jiecidiar  kinds  of  marking,  and  under  that  form :  but  the  truth  is,  thai 
even  to  improve  them,  with  the  most  although  the  parts  of  plants  whidi 
admirable  precision  ;  we  also  know  that  originally  are  while  or  black  become 
in  plants.'without  any  visible  constitu-  more  or  less  coloured  when  exposed  to 
lional  chance,  without  accident,  and  the  action  of  light,  yet  that  organs, 
"without  any  known  predisposing  cause,  once  coloured,  do  not  in  reality  lose 
a  yellow  flower  will  become  pink,  and  their  colour  when  kept  in  darknesi; 
a  pink  one  yellow  ;  and  we  know  that  if  they  sometimes  seem  to  do  so  it 
if  the  portion  of  the  stem  thus  altered  is  owing  to  this,— that  if  half-dere- 
be  multiplied  by  the  division  of  itself,  loped  leaves  arc  placed  in  the  datk. 
the  change  is  fixed  and  may  be  multi-  they  gi-ow  Inrger.and  the  green  matter 
plied  for  ever.  A  dingy  bi«wnish  pur-  which  coloured  them,  being  diluted  by 
pie  tulip  will  suddenly,  and  without  water  and  spread  over  a  greater  space, 
warning,  burst  forth  in  the  most  radiant  appears  to  be  paler  without  being  itself 
beauty,  its  dull  disagreeable  coloursdis-  leas  coloured.  That  the  action  of  solar 
persed.apureandspotless  whitetnking  light  is,  in  reahty,  the  grand  cause  of 
its  place  in  part,  and  the  brightest  colour  in  plants  is  proved  by  leavet 
and  deepest  streaks  of  crimson  adding  half  covered  from  lifiht  and  half  ex- 
richness  lo  its  purity.  If  we  look  mi-  posed,  of  which  the  latter  become  eieea 
nutelv  to  these  circumstances,  we  shall  and  the  former  remains  coloafleti; 
find  that  each  particular  cell  haa  its  all  gradations  of  inten«ity  beinfc  pro- 
own  colour, — that  there  is  no  intermix-  duced  in  proportion  to  the  intensity  of 
ture  of  tints,  but  that  whatever  the  light  to  which  the  parts  are  exposed, 
hues  may  be,  each  has  its  own  cluster  There  are  plants  which,  in  those  pails 
of  cells  to  represent  it ;  and  even  in  the  which  are  oestined  to  become  ^reen, 
midst  of  a  large  mass  of  uniform  co-  have  spaces  that  preserve  their  onginal 
louring,  a  few  cells,  or  even  a  single  whiteness:  such  plants  we  call  varie- 
one,  will  secrete  a  colouring  matter  gated,  and  find  through  almost  all  the 
which  forms  the  strongest  contrast  with  divisions  of  the  vegetable  kingdoni.  Id 
what  surrounds  it;  as  in  the  Blood  Exogens  the  blotches  are  for  the  mott 
Red  Orange,  and  similar  cases.  To  part  irregular ;  in  Endogens  they  are 
what  causes  all  these  extraordinary  cir-  usually  arranged  in  bands  that  lollow 
cumstances  are  to  be  ascribed  no  one  the  course  of  the  principal  veina.  In 
knows.  As  yet  our  information  con-  these  places  it  is  clear  that  otrs- 
cerning  vegetable  colours  is  of  the  mule,  or  colouring  matter,  is  either  not 
vaguest  nature.  But  as  it  is  one  of  very  found  at  alt  or  in  very  small  quantiU, 
^at  interest,  and  particularly  deserv-  but  thecauseof  the  deficiency  is  entinJy 
ing  the  notice  of  the  philosophical  unknown.  It  is,  however,  interesting 
botanist,  we  make  no  scruple  of  bor-  to  remark,  that  variegations  of  this 
rowing  from  De  Candolle  an  abstract  kind  are  best  preserved  in  sterile,  and 
of  what  is  at  present  known  or  conjee-  are  soonest  lost  in  fertile  soil,  as  if  they 
tured  of  the  subject.  were  in  reahty  an  unhealthy  stale  of  a 
We  are  so  accustomed,  he  remarks,  plant,— a  supposition,  however,  which 
to  see  plants  decorated  with  the  most  there  are  no  sufficient  grounds  otber- 
brilliant  colours,  or  at  least  invested  wise  for  entertaining. 
with  the  green  hue  which  characterizes  We  have  already  seen  that  all  parti 
every  scene,  that  it  is  not  without  diffi-  which  either  are  green  ot  aatceptible 
eult^  that  we  accustom  ourselves  to  of  becomva^so.diMoiinfoaetlMcaittoDie 
the  idea  that  such  colours  do  not  exist  wni.  Qt  \\i«  w^  <k  ol  >\ia  aNmmvhnn 
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!    wWn  they  ate  expoMd  to  wAt  light,  the  mines  of  Freyber^,  tlthou^h  born 

that  they  put  with  the  oxygen,  and  in  total  darkness,  but  in  atmosphere 

ftx,  the  carbon   in  their  own  tissue,  highly  charged  either  with  hydrogen  or 

Henee  it  was  natural  to  conclude  that  nitrogen.    I  Ferns  and  Mosses,  again, 

this  operation  is  connected  with  the  will  be  green  when  other  plants  are 

formalKm  of  a  green  odour.    In  fact,  blanched;  and  Humboldt  found  near 

when  it  takes  place,  greenness  ensues ;  the  Canaries  a  Fucus  which  was  bright 

when  it  does  not  take  place,  the  organ  grass-green,  although  it  had  snrown  at 

which  derelopes  in  darkness,  preserves  the  depth  of  from  25  to  32  fathoms  ( 1 90 

the  primitive  white  colour  of  the  tissue ;  feet.)    Now,  as  light,  according  to  the 

and  when  it  has  taken  effect  incom-  experiments  of  Bouguer,  after  traverse 

pktdjr,   the  results  are  intermediate  ing  180  feet  is  weakened  in  the  proper^ 

between  the  two  j»eceding  cases.  tion  of  1  to  1477*8,  this  Fucus  must 

Tbe  deposition  of  carbon  thus  in-  have  been  illuminated  when  growing 

dneed  does  not  act  upon  the  vegetable  by  a  power  203  times  less  than  that  of 

flwmbi'ane ;  that  is  always  of  ito  origi-  a  candle  at  a  foot  distance.    Are  we  to 

nai  peaily  lustre.    But  it  forms  a  pe-  suppose  that  this  feeble  degree  of  U- 

ddiar  m^er  called  green  ekromtue  ;  lummation  was  sufficient  to  decompose 

the  ebondance  or  scantiness  of  which  the  carbonic  add  of  such  a  plant,  or 

is  wbat  eauses  the  different  tints  of  was  not  the  decomposition  rather  owing 

leafy  sorfiwei.  The  action  of  the  mem-  to  the  operation   of  some  unknown 

braae  woducea  some  effect,  no  doubt,  cause  ? 

either  hy  jeason  of  its  own  pallid  hue.       Leaves,  which,  as  we  very  well  know, 

or  its  Inmsparcncy  or  density,  or  of  the  are  usually  green,  may  assume  different 

haoB  withwhidi  it  is  often  covered,  or  colours  in  special  cases.   It  is  common 

of  the  air  which  it  contains,  or,  finally,  to  see  in  the  autumn  this  green  change 

of  the  waxy  matter  by  which  they  are  to  yellow,  as  in  the  Lombardy  Poplar, 

prelected.    But  how  does  it  happen  &c. ;  or  to  red,  as  in  the  Barberry,  the 

that  earbon,  which  is  black,  is  capable  Sumach,  the  Yirfirinian  creeper,  and 

of  producing  a  green  appearance  in  man^  kinds  of  Oaks.    It  has  been  as- 

f^getatkm  ?  The  old  physiologists  sup-  certained  by  Macaire  that  in  such  cases 

poeed  that  it  is  in  reality  an  intense  the  leaf,  shortly  before  this  change 

bhis^  and  not  a  black  ;  and  that,  shin-  takes  place,  ceases  to  exhale  oxygen 

inar  Unoagh  the  yellow  sides  of  the  in  sun-light  vrithout  ceasing  to  absorb 

oeUa»  the  combination  of  the  two  co-  it  at  night ;  whence  he  infers  that  the 

loms   produced   green.     This  notion,  chromule  is  oxvdized,  which  at  first 

howeirer,  is  disproved  by  the  most  casual  brings  on  a  yellow  and  afterwards  a 

inspection,  for  the  colouring  matter  may  red  colour,  for  the  most  decided  red  al- 

be  aepanUed  from  the  tiswe  with  the  ways  begins  by  a  change  to  yellow.   It 

gieateat  fiiciUty,  and  it  still  preserves  is  remarked  that  red  colours  are  most 

its  eokmr;  ana,  besides,  the  yellow  of  common  in  leaves  which  contain  some 

tiamep  if  any,  is  so  excessively  feeble  as  kind  of  acid,  as  the  Vine,  the  Pear,  the 

to  be  wholly  insufficient  to  overcome  Viburnum,  the  Sorrel,  &c.    The  red 

ibe  bloeness  of  the  carbon  if  it  were  colouring  matter  obtained  from  leaves 

lime.    The  fact  is,  that  the  cause  of  forms  infusions  which,  like  those  ftt>m 

rarboQ  in  the  system  of  vegetation  being  flowers,   become   more   intense  when 

gieen  belongs  to  that  numerous  class  acted  upon  by  acids.    Yellow  leaves 

of  ftcts,  of  which  no  explanation  can  act  in  this  manner  like  yellow  flowers, 

be  given  in  the  existing  state  of  human  It  is  supposed  by  some,  that  while  red 

knowledge.  is  owing  to  the  development  of  acid, 

Althoagh  we  are  justified  by  the  other  colours  may  be  ascribed  to  the 
mass  of  evidence  in  asserting  that  the  presence  of  an  alkali.    This  is  however 
necn  eoloor  of  plants  is  owiiiji^  to  the  far  fhmi  proved. 
fizirfioii  of  carbon  in  their  tissue,  in       The  same  colours  which  mark  leaves 
eooeeqaence  of  the  power  that  light  in  the  autumn  may  also  be  produced 
poeMsaeaofdecomposing  their  carbonic  by  certain  accidents.    Thus  the  punc- 
acid, yet  there  are  some  exceptions  that  ture  of  an  insect,  the  attacks  of  para- 
deserve  attention.     Humboldt  found  sitical  fungi,  or  injury  from  early  frosts, 
Poa  annua  and  compressa,  Plantago  produce  partially  or  entirely  yellow  or 
laneeolata,    Trifolium   arvense,  Wul-  red  colours ;  and  whal  v&  t^xgaxV.^\^^ 
flower.andtheRhisomorphaverticillata  the  colours  thus  acc\d«cAi\V3  ^wvm^ 
greto  in  tbe  tabtemLoetia  geJleri^  of  are  the  same  aa  lYie  ^\anX.  ^^x^^  vvvv^ 


taken '  of  itulf  in  flt«  ftutomn  i  thtu 
accidents  turn  the  le>vB«  of  tha  Pobtar 
«nd  the  Lilac  j^llow,  of  tha  Sumaetl  or 
.the  Pear  tre«  r«d,  ai  they  bwoua  it 

CVilain  leavBs  (iffer  naturally  on  one 
or  bolli  their  HUiracea  iciirks  coloured 
in  a  pnrticulflr  mniiner,  fVom  the  mo- 
ment when  tliey  first  unfold.  Tradeecan- 
tia  diKcntor.  anil  aeveml  Beg;onia.s  have 
their  under  eurface  red  ;  ccrtiun  Anims 
are  ii-ret[ul^ly  blotched  with  red;  there 
are  species  of  Amnrnnlh  which,  in  an 
apparently  healthy  and  natural  state, 
have  leaves  handed  with  both  yellow 
and  red.  Macaire  has  determined 
that  the  red  chromule  of  leaves  which 
are  thus  discoloured  ii  chemieallf  the 
aaine  as  that  produced  in  the  autumn. 
It  iR  worthy  of  note,  that  in  regular 
and  natural  coloumtionn  red  h  very 
common,  and  yellow  comparatively 
rare,  allhoush  one  would  have  thought 
that  the  latter,  caused,  aa  it  seems  to 
be,  by  a  sllshter  kind  of  change  than 
red,  would  have  been  the  mMt  eom- 
tnon.  Blue  seemR  altogether  excluded 
fVnni  chanm«  of  the  leaves,  exeepi  in 
the  case  of  certain  Eryngoes. 

In  many  ])knts,  the  leaves  whieh 
grow  in  the  vicinity  of  flowers  are  ae- 
customed  to  otFer  various  tints,  wliieh 
are  almost  uniformly  in  imison  with 
the  colOxirs  of  the  flower*  they  nccOm- 
pany;  such  floral  leaves  or  bracts  are 
yellow  in  many  Euphorbias,  scarlet  in 
Sages,  violet  in  Clary,  and  blue  in  parti- 
cular slates  of  the  Hydrangea,  Macaire 
assures  us  that  the  chromule  of  the 
bracts  of  Salvia  splendens  presents 
the  same  chemical  characters  as  that 
of  leaves  which  turn  red  in  autumn. 
Such  bracts  ajipear  coloured  because 
the  chromule  deposited  in  their  cells 
Varies  in  its  degree  of  oxyfrenation, 
and  such  variations  appear  to  be  In 
distinct  relation  with  the  flowers.  The 
same    observations    apply    to    many 

Wliy  then  should  it  bf  differentwith 
Jwtals  and  the  petal-like  parts  of  i 
flower?  These  organs  are  in  truth 
nothini;  but  modified  leaves ;  they  are 
capable  in  particular  cases,  such  as 
Hesperis  Mutronalis,  of  transfonning 
themselves  info  genuine  leaves,  green 
and  capable  of  exhalinn  oxygen.  Can 
there  be  any  the  smallest  reasonable 
doubt  that  these  leafy  petals  contain 
in  their  cellules  a  chromule  analogous 
fo  that  of  leaves,  and  conset^uently 
thM  when  they  are  eolOHied  they  one 


their  coloiirinw  to  'a  modification  ot 
chromule? 

It  is  therefore  probable  that  all  the 
various  colours  of  flowers,  with  the 
exception  of  certain  special  cases  de- 
termined hy  the  presence  of  .Lottie  tttr 
alkali  or  acid,  depend  in  general  upon 
the  various  degree*  of  oxygenation  of 
their  chromule:  and  that  this  Iheorj 
ought  to  extend  to  fruit*  and  bniEti 
where  lho«  organs  participale  in  the 
same  colours. 

With  regard  to  the  exact  rflatio* 
that  colours  really  hear  lo  one  another 
and  to  the  causes  that  are  supposed  to 
influence  them,  a  memoir  upon  thf 
col 0(1  rs  of  flowers,  published  at  Tubin- 
gen, in  1B2!J,  by  Messrs.  SchuWer  and 
Funk,  is  deserving  of  espedal  atten- 
tion. From  their  account  it  appean 
that  Bowers  may  be  divided  into  tiro 

Seal  series— those  having  yellow  for 
eir  type,  and  which  are  capable  of 
riessing  into  red  or  white,  but  never 
iito  blue;  and  those  of  which  Hn* 
is  the  type,  which  can  pass  into  red  or 
white,  but  never  yellow.  The  first  of 
these  series  is  called  by  the.se  obserwm 
oxydiied,  and  the  second  diMXydited. 
and  thev  consider  grecnneas  as  a  rtate 
of  equilibrium  between  the  two  series. 
De  Candolle  calls  the  first  seriei 
ranthir,  and  the  last  ctfanir.  Upon 
this  principle  they  admit  the  following 
scale,  leavmg  wh'ite  out  of  considert- 

Red  I 

Orsnge  red  | 

Orange  (     0>yd)led  or 

Orange  yellow      (    Xanlhle  MnM. 

Y>Udw 

Yellow  grean       ' 

Qreaa  Colaut  of  laarci. 

Green iah  blue 
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Bed 

It  will  be  at  once  remarked,  in  con- 
sidering these  tables,  that  almost  all 
flowers  susceptible  of  changing  colour 
only  do  it  in  nnWal  by  rising  or  de- 


sotany;  i2i 

MoBg.  Thill  in  thenftnthio  series,  the  being  more  yellow,  or  more  pink,  ot 
flowers  of  Marvel  of  Peru  may  be  yelr  more  blue,  or  in  some  other  way. 
low,  oranpe-yellow,  or  red ;  those  of  White  Campanulas  become  blue  when 
the  Austrian  Rose,  orange  yellow  or  they  are  dried ;  inftisions  of  white 
oran^^red ;  those  of  the  Nasturtium  flowers  in  alcohol  have  always  a  per- 
vaiyfiom  yellow  to  orange  and  orange*  ceplible  tinge.  Flowers  which  are 
red;  those  of  the  garden  Ranunoulus  white  verging  upon  yellow,  yield  in- 
pass  through  every  gradation  in  the  fusions  which  alkalies  bring  to  a  more 
series,  from  red  to  green.  As  to  the  decided  yellow  or  A  more  positive 
eyanic  aeries,  the  Anemone  varies  ftom  brown ;  ihfVisions  of  those  which  are 
bhie  to  violet  and  red ;  the  Hyacinth  white»  tending  to  blue  or  red,  become 
from  green  to  red  through  all  the  gra-  light  red  by  the  action  of  acids,  and 
datioiis ;  the  lithospermum  purpuro-  greenish  by  the  action  of  alkalies. 
comleum  from  blue  to  violet-red ;  and  It  is  probable  that  whiteness,  or 'that 
the  China-aster  from  violet-blue  to  vio-  kind  of  paleness  which  constitutes 
let,  violet-red,  and  red.  white,  is  owing  to  the  chromule  not 

Although  there  are  certain  etcep-  being    completely   elaborated.      This 

tioni  to  these  rules,  particularly  in  the  may  be  inflftrred,  1.  from  the  analogy 

Hye«aths,aome  of  whose  varieties  ap-  between   this    colour    and   blanched 

proaeh  the  xanthio  series,  yet  they  are  plants ;  2.  from  the  much  greater  nuni- 

w  far  eonftinMible  to  nature  as  to  help  oer  of  white  flowers  in  northern  than 

us  either  in  searching  for  the  causes  of  in  ec[uatorial  regions ;  and  3.  fh)m  a 

cobiors^  or  in  predicting  the  possible  considerable  number  of  flowers  which 

varieties  of  colour  in  flowers  of  the  are  bom  white,  aequirinjg  some  other 

saoie  species  and  sometimes  of  the  colour  before  they  die,  u  exposed  to 

same  ffenus.  solar  light.      Thus  the    Cheiranthus 

To  the  xanthic  series  belong  all,  or  Chamseleo  has  a  flower  at  flrst  of  a 

neeriy  ell,  the  species  of  Cactus,  Fig-  whitish  colour,  which  afterwards  be- 

Marigold,  Aloe,  Cjrtisus,  Wood  sorrel,  comes  lemon-yellow,  then  red,  slightly 

Rose,   Mullein,  Potentilla,  (Enothera,  violet.     Stylidium  fruticosum  has  its 

Ramineulus,  Adonis,  Tulip,  &c. ;   to  young  petals  pale  yellow,  its  old  ones 

the  cjranic  series  those  of  Campanula,  white  tinged  with  red.    The  flowers  of 

Phlox,    Epilobium,    Hyacinth,   Gera-  CEnotheratetraptera  are  at  flrst  whitish, 

niam,  Anagallis,  Globularia,  &c.  Hence  afterwards  pink,  and  flnally  red.    The 

«e  may  assume  that  there  is  in  general  petals  of  the  common  Tamarind  are 

&  relation  between  the  colours  of  flowers  said  to  be  white  the  flrst  day,  and  yel- 

tnd  generic  classiflcation — an  hypothe-  low  the  second.    The  corolla  of  Cobae^ 

fiis  which  may  be  the  more  readily  ad-  scandens  is  greenish-white    the  flrst 

mitted  when  it  is  considered  that  some  day,  and  violet  the  next      Finally, 

tpparent  exceptions  to  the  cases  just  Hibiscus  mutabilis    unfolds  its  blos- 

quoted  in  reality  conflrm  the  rule :  as  soms  in  the  morning  white,  by  noon 

for  instance,  in  the  Campanula  aurea,  they  are  pink,  and  red  at  night.  These 

If  hose  flowers  are  deep  yellow,  in  a  chaneesareconstantinthe  West  Indies: 

series    otherwise    cyanic:    it  is  now  but  M.  Ramon  de  la  Sagra  observed 

known   that  this  plant  constitutes  in  that  on  the  I9th  of  October,  1828,  the 

reality   a    genus    essentially  different  flowers  of  this  plant  remained  white  all 

from  Campanula,  and  called  Musschia ;  day  in  the  garden  at  the  Havannah,  and 

and  so  vrith  others.  did  not  become  pink  till  noon  the  next 

It  will  have    been   remarked  that  day.  Now  this  1 9th  of  October  was  re- 
white  is  omitted  from  these  two  series,  markable  for  the  centigrade  thermome- 
It  may  be  doubted,  indeed,  whether  it  ter  not  rising  higher  than  19^  while  the 
really  exists  in  a  state  of  purity  in  ordinary  temperature  of  the  flowering 
flowers,  and  it  seems  to  be  rather  some  season  of  the  Hibiscus  is  30^  centigr. ; 
other  colour  reduced  to  an  exceedingly  so  that  it  would  seem  that  heatnas 
heht  tint.  Redouts,  the  French  flower-  some  important  connexion  with  the  de- 
painter,  is  said  to  have  availed  himself  velopment  of  colour;  and  this  notion  is 
with  great  advantage  of  this  fact.    He  in  accordance  with  the  fact  already 
always  placed  the  flower  he  wished  to  mentioned,  that  white  flowers  are  most 
represent  before  a  sheet  of  paper  like  common  in  cold  countries. 
that  on  which  he  had  made  his  draw-*       Black  is  omiUed  \tv  \.\v^  V«^  ^^w^  ^\ 
iog,  and  he  uniformly  fduad  that  the  colours ;  it  appears  \.o  \>««  Va  ti2\  ^A^*^^ 
floipsr  ffKwJtf  dMr  ftom  the  jmper  in  aa  exoemWeiy  dasV.  a\.a\A  til  \sttr«^« 
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pToducedfromft  yellow  bue,  or  from  &  ^Ussall  the  tinUof  the  coloured  spec- 
deep  red;  tnd  is  of  too  rare  an  occur-  triim.  Blues  are  anions;  the  most 
rence  to  be  deserving  much  oonsidera-  changeable  colours  in  veeetation,  posi- 
tion while  so  much  remains  to  ascertain  ine  fifthly  to  white,  and  to  different 
concerning  commoner  colonrs.  tints  of  violet  and  red. 

In  red,  there  is  this  remarkable  &ct.  From  what  has  now  been  slated,  il 

1hat  it  belongs  to  bothflcriea;  and  if  appears  lo  result   that  modification! 

the  theory   of  oxydation    should  be  ol'chromule  are  the  caute  ofthe  divetw 

.  confirmed,  it  will  appear  to  result  ftom  sity  of  colours;   and  that   these  mo- 

both  the  maximum  and  minimum  of  dificH.tions    depend  principally    upon 

oxygenation.    We  may  remark  indeed  the  de^ee  of  oxygenation.     In  leaves 

that  the  various  tints  of  red  flowers  fully  developedtlie  chromale  is  green: 

differ  much  more  from  each  other,  than  it  tritiris  a  tendency  to  yellow  or  ltd 

those  of  any  other  colour.  Those  which  when  it  is  more  oxycliKed.  as  one  per- 

become  red  through  the  xantbic  senes  ceives  by  the  clianges  of  the  colour  of 

have  usnally  a  more  brilliant,  richer,  leaves  in  autumn  by  theeff'eetof  acadi; 

and  more  scarlet  hue;  while  such  as  and  it  appears  tover>;e  to  blue  when  it 

reach  it  through  the  cyanic  aeries  have  is  less  oxydized,  or,  which  comes  to  the 

a  decidedly  violet  tinre.    Rose,  which  same  thing,  more  carbonated :  thusve 

is  nothing  but  diffused  red,  may  belong  know  that  Iheflower  of  the  Elydran^ 

to  both  series ;  thus  the  rose  colour  of  becomes  blue  in  a  soil  sufficiently  im- 

the  Hydrangea  evidently  tends  to  blue,  pregnated  with  carbonate  of  iron, 

while  that  of  the  Roseitselfappearsto  All  (he  bnlliant  spectacle  of  vegel' 

derive  its  origin  from  yellow.  An  infli-  able  colours  tends  lo  disappear  either  in 

sion  of  red  flowers  in  alcohol  takes  a  consequence  of  accidents  or  upon  the 

tinge  more  or  less  red;   add  a  littl«  approach  of  death;  and  what  rendcn 

acid,  and  this  colour  immediately  deep-  this  subject  the  more  curious  is  Itat. 

ens;  sometimes,  asinthePelai^nium,  1.  discolouration  is  ofteit   determined 

it  passes  to  orange.    Alkalies  produce  by  the  same  agents  as,  in  other  cases, 

the  most  variable  results  in  different  produce  colour;   and  2.    that  certain 

plants.  orcans  which   have  no  colour  while 

An  examination  of  the    two  most  alive  gain  when  dead  a  very  decided 

irreconcileable  colours,  yellow  and  blue,  lint. 

points  out  some  characters  which  are  Solar  light  seems  to  be  the  most 

sufliciently  wet]  marked.  usual  cause  of  those  losses  or  changes 

Infusions  of  yellow  flowers  in  alcohol  of  colours.    While  plants  are  alive,  il 

are  of    a  clear  yellow,   without    the  acts,  as  we  have  so  tyei^uently  seen,  by 

flowers  losing  much    colour.     Acids  colouring  them;  but  in  certain  cases 

produce  no  other  effect  in  these  infu-  ils  too  powerful  action  discoloun  thsni. 

sions   than  to  weaken  their     colour  Thus  the  cultivators  of  Tulips  place 

slightly.  Alkalis  make  them  more  bril-  their  flowers  under  a  tent,  knowing 

liant  or  browner.  very  well  that  the  direct  action  of  tM 


Blue  flowers  produce,  in  alcohol,  in-    sun  tends  to  alter  their  colours  u 

!hsionseitheroraclearblue,Bsthose  of    piomptly  than  would  be  the  cast  _. 

flax.or  very  dark,  as  in  the  case  of  the    the  shade.    A  great  number  of  deli- 


Aconite  and  the  Larkspur.  By  the  cate  flowers,  particularly  of  those  be- 
addition  of  acids  they  liecome  red,  and  longing  to  the  cyanic  series,  exhibit 
of  alkalies  green.  Those  which  are  thii  phenomenon. 
coloured  red  by  acids  will  not  recover  Most  aquatic  plants  gain  in  death  > 
their  blueness  by  the  addition  of  allca-  whitish  hue  ;  this  is  particularly  re- 
lies, as  sometimes  happens  to  infusions  marked  in  Sea-weeds,  which,  from  the 
of  red  flowers.  Macaire  having  seen  a  most  brilliant  blue  or  green,  pass  lo 
red  infusion  of  violets  regain  by  de-  white  when  they  die,  an  effect  which 
grees  the  natural  blue  of  those  flowers,  seems  to  be  augmented  when  they  are 
by  the  addition  of  a  vegetable  alkali,  exposed  to  air  and  light ;  but  the 
such  as  quinine  or  strychnine,  suspects  exact  mode  of  action  of  these  several 
that  the  colour  of  the  violet  depends  agents  has  not  been  appreciated, 
upon  the  combination  of  their  chro-  Fresh-waterconfervKsandseveralsqua- 
mule  with  some  alkali.  Schubler  and  tic  herbs  present  the  same  system  of 
Funk  assure  us  that  the  infusion  of  the  discoloration.  Air  evidently  prodaeci 
BJueDayLily(FunkiacGerulea), treated  its  effect  by  altering  thair  chTomule, 
mth  so  acia,  will  present  in  the  s&m«  pro^xbV;  b'j  vfarinAtiag  iti  cftrbon ; 
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fl)r  such  is  the  Ordinary  effect  of  the  idea  of  odoriferous,   and  it  is  conse^ 

air  upon  dead  vegetable  matter.    Cha-  quently  to  those  that  we  here  confine 

ras,  in  particular,  when  dried  in  the  air  ourselves;  dividing  them  m\o  perma- 

become   quite  white;   this   tint  is  no  nent, fugitive,  a,nd  intermittent, 
doubt  to  be  ascribed  to  the  alteration        Those  odours  are  the  most  permanent 

of  their  chromule,  but  in  all  probability  in  which  the  volatile  matter  is  so  in- 

also  to  the  enormous  quantity  of  cal*  closed  in  cells  and  concentrated  as  to 

careous  matter  that  those  plants,  while  disperse  slowly.  Of  this  many  instances 

mlive,  fix  in  their  tissue ;  other  cases  of  are  afforded  by  wood  and  bark,  which 

m  like  nature  may  be  easily  named,  being  in  truth  the  only  permanent  parts 

The  straw-coloured  hue  of  the  green  of  vegetation,  will  of  necessity  be  the 

parts  in  a  great  number  of  dead  vege-  receptacle  of  durable    odours ;    such 

tables  after  death  depends,  on  the  one  parts  are  not  scented,  because  of  their 

hand,  upon  the  oxygenation  of  their  own  proper  nature,  for  all  the  tissue  of 

chromule,  and  on  the  other  on  the  de-  plants  is  originally  scentless,  or  nearly 

carbonization  determined  after  death  so,  but  they  owe  their  property  to  the 

by  the  action  of  the  oxygen  of  the  air.  fra^nt  secretions  imprisoned  in  their 

Most  leaves  when  they  die  are  in-  cavities,  and  the  permanence  of  their 

vested  with  a  uniform  russet  colour;  odour  will  l>e  proportioned  to  the  diffi- 

it  has  some  analogy  with  what  happens  culty  the  volatile  parts  of  their  secre- 

in  Uletted  fruits,  such  as  the  Medlar,  tions  experience  in  escaping  through 

Such  a  state  of  the  leaf  may  very  well  the  tissue  which  incloses  them,  as  well 

be  owing  in  leaves,  as  well  as  in  fruits,  as  to  the  degree  in  which  the  volatile 

to  an  alteration  in  their  principles  ana-  matter  mav  be  fixed.     Thus  resinous 

logous  to  putrefaction  or  fermentation,  woods,  such  as  Cedar  and  Cypress,  are 

It  19  always  accompanied  with  a  great  fragrant  for  an  indefinite  period,  be- 

loss  of  water ;  but  we  have  no  direct  cause  the  resinous  matter   in   which 

r?  idence  as  to  the  nat  ure  of  this  change,  their  odour  resides  is  parted  with  slowly. 

Parts,  whose  scent  resides  in  essential 
Chaptbr  XVIII.  oil,  preserve  their  scent  for  a  Ions:  time. 
Of  Odoure  where  the  essential  oil  is  but  slif^htly 
''  '  volatile,  or  the  wood  is  thick  and  hard : 
Not  less  curious  nor  less  difficult  to  thus  the  Rose-wood  of  Teneriffe  (not 
reduce  to  any  intelligible  laws  is  the  the  Rose-wood  of  the  English  cabinet- 
subject  of  Vegetable  Odours.  Our  makers),  produced  by  Convolvulus  sco- 
senses  are  daily  gratified  by  the  sweet  parius,  preserves  its  odour  a  very  long 
perfumes  exhaled  by  the  leaves  and  time ;  and  in  order  to  elicit  it,  it  is  ne- 
ilowers  that  surround  us ;  and  art  ex-  cessary  to  rub  the  wood  strongly,  so  as 
bausts  its  skill  to  preserve  them  by  to  produce  heat  enough  to  volatilize  the 
means  which  enable  us  always  to  have  matter  which  is  locl^d  up  in  the  very 
them  present  for  our  use ;  but  as  to  the  compact  tissue  of  which  that  plant  con- 
reasons  why  one  kind  of  flower  is  odo-  sists.  The  necessity  of  producing  a 
riferous,  and  another  scentless,  we  are  little  heat,  in  order  to  produce  an  exha- 
still  more  in  the  dark  than  in  what  re-  lation  of  the  volatile  matter,  is  further 
lates  to  coloiv.  Here,  therefore,  we  exemplified  by  the  fragrance  emitted 
shall  confine  ourselves  ver^r  much  to  a  by  many  woods,  otherwise  scentless, 
mere  statement  of  facts,  introducing  when  exposed  to  the  violent  friction  of 
theory  only  in  cases  which  may  appear  a  turner  s  lathe :  Beech  is  said  to  ac- 
to  be  pretty  wdl  understood.  For  this  quire,  under  such  circumstances,  the 
purpose  we  again  avail  ourselves  of  smell  of  Roses.  Rut  when,  on  the 
many  of  the  materials  collected  by  De  other  hand,  the  volatile  matter  is  in- 
CandoUe  in  his  invaluable  Vegetable  etosedinwoodof  a  loose  texture,  neither 
Phyeiology,  is  heat  required  to  elicit  it,  nor  has  the 

All  odours  are  owing  to  the  disen-  wood,  if  exposed  to  the  air,  the  power 

gagement  of  volatile  matter,  and  as  of  retaining  it   for   any  considerable 

there  are  few  organized  bodies  in  which*  time^  for  the  oxyj^en  of  the  atmosphere 

in  their  natural  state,  there  is  not  some  will  seize  upon  it  rapidly,  and  quickly 

volatile  constituent  part,  so  neither  are  leave  nothing  behind  but  the  inodorous 

there  many  organic  bodies  absolutely  tissue :  this  happens  to  Cassia  and 

destitute  of  smelL    But  it  is  only  to  Cinnamon. 

eaaet  in  which  the  scent  is  very  peioep*       Fugitivt  %jd/S^  ax%  VYtfMi^  ^\as^^\)^ 

tibto  to  our  [senses  that  ire  apply  toai  Ipnfo^to  peanAn^^A  ot^jkea^^^  ^>^^x 
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extremely  perUiabla  in  fhalr  teiy  na*  thtckat  of  Oishuei  at  Bobn,  USA  agaifl 

lure,  or  are  placed  in  tJMnc  of  thelax-  the  next  mominKi  and  thfl  difference 

ett  kind,  or  are  aitnated  on  the  lui-raoe  will    be    exceedinf;ly    apparent.     To 

of  plant*  wliere  their  volatile  parta  are  what  cau«e  thii  is  owing  ii  unknown; 

continually  abatraoted  by  the  atmos~  ponibly  the  efiect  of  dryneii  and  es- 

phere,  or  finallv  are  aeoroted  in  quan<  acMive  heat    may    be    to    doae   Ibt 

titiei  so  amall  that  a  abort  espmure  1o  atomatei,  and  to  contract  the  tissue  o( 

air  suffices  to  dissipate  them.  All  theia  plants,  thus  renderina  it  difficult  for 

odoursareproducedonlydurinf Ihalifa  v.ilutih-  inatlfr  tu  jui-^   ■■:■.■■■ 

ofaplant;  thev  are  ditperMd  aa  they  luilidc:  jl  may  n\~"  !!tl  '•■:•    •'■■   '  ■■■;: 

are  lonned,  ana  after  death  leare  no  them   of  the  necessary   pmport^on  uF 

trace  of  their  existancs  behind  them,  water  requii'ed  to  enable  them  to  per- 

Like  permanent  odoun  these  areoon^  form  their  functions  of  seetelion  and 

tinually  jnven  olt;  and  in  some  planta,  assimilation,  and  thus  arrest  for  a  tims 

aathe  Urange  and  the  Violet,  without  the  cluborjlion  of  the  fueitive  prin- 

any  varialion  in  intensity  in  difibrent  ciples  upon  which  fragrance  dependi. 

Stales  of  the  atmosphere;  but  in  the  While,  however,  ilew  and  showera,  with 

m^ority  of  cases  thepowerof  thesmell  intervals  of  brii^ht  liifht,  arc  eminentij- 

willvary  according  to  the  elevation  of  favourable  to  the  eliciting  of  veirelable 

tampcature.  and  the  dampness  of  tha  perfumes,  a   continuance   of   wet  und 

air.  This  fact  must  be  familiar  to  all  who  gloomy  weather,  without  mnch  sun- 

are  acquainted  with  gardens.    In  the  shine,  is  as  greatly  unlkvourable.  This 

hot,  dry  weather  of  a  summer's  noon,  latter  circumstarce  is  explicable  upon 

flowers  either  become  scentless,  or  at  the  g:eiiera!  law  of  pliysioloKy,  that  se- 

least  lose  a  large  proportion  of  their  cretions    cannot   lie   readily   piaduKd 

u«uiilfraKrance;aDdinwal1ungthroiigh  without  the  direct  assistance  of  tht 

a  wilderness  of  the  moat  awaet-smelling  sun's  light. 

plants,  we  find  little  sign  of  their  odour.  With  regard  to  what  ne  call  imJrr- 

unless  they  are  bruised  or  trampled  iniltent  odours,  no  explanation  sevms 

vpon.  Butifaheavyshnwershouldcoma  possible  in  the  present  state  of  our 

on,allwillbechan(fedinanhour'5time  j  knowledse.     A  few  examples  of  Iheni 

averyleaf,  e¥eryflower,wil]  emit  its  pe-  will  lln^reftire  l^o  hH  fhiit  w«  can  give. 

culiar  odour;  the  Musk  plant  (Mimulus  All  dingy-flowered  plants,  such  aabola- 

moschatus)  will  fill  theairwith  its  sin-  nisls  call  tristes,  belong  to  this  clats; 

gular  scent,  and  it  will  be  obvious  that  such  as  the  Pelargonium  triste,  Hespe- 

tbe  adiiilion  of  moisture  to  the  air  baa  ris  tristis,  Gladiolus  tristis,  which  are 

produced  a  total  change  in  the  action  of  almost  entirely  scentless  during  the 

the  odoriferous  organs  of  plants,  day,  but  become  deliciouslv  fragrant  it 

The  same  phenomenon  is  dwly  re-  night."  Great  numbers  of  Orchideous 

peated   in  the  driest  days  of  autumn,  planta  have  flowers  possessing  the  same 

Those  only  mho  are   accustomed  to  property;  the  Uatase turns  have  a  fine 

take  their  early  walks  abroad  can  have  aromatic  odour  at  night,  none  in  the 

any  idea  of  the  difference  between  a  day,  except  C.  purum ;  Cymbidium  Si- 

richly-stored  garden  early  in  the  mom-  nense  is  also  chiefly  fragrant  at  night ; 

inland  at  noon.     When  the  sun  has  and  so  with  a  great  many  more.     Ce*. 

dned  the  air,  and  has  been  beating  fbr  trum  nocturnum  is  another  plant  of 

some  time  upon  vegetation,  ill  able  to  the  same  nature ;  in  the  day  it  has  no 

bear  his  action  in  consequenee  of  the  odour,  at  night  its  perftime  is  extremely 

dryness  of  the  source  from  which  they  powerful.    One  of  the  moat  singular  in- 

draw  their  means  of  compensating  for  stances  ofexceptions  to  all  rules  appears 

evaporation,  however  beauliftil  a  gar-  to  be  referable  to  this  class :   Cacalia 

den  may  slill  remain,  it  cannot  be  com-  septentrionalis    exhales    an    aromatic 

sared  lo  the  same  place  before  tlie  dew  odour  if  exposed  to  the  direct  rays  of 

has  dispersed— when  every  herb,  tree,  the  sun,  and  if  anything  is  interposed 

and  flower  is  pouring  forth  a  stream  of  between  it  and  the  sun  its  odour  drs- 

Ihe   most  varied    and    delicious    (Va-  appears,  but  is  renewed  as  soon  as  the 

grance— when  the  air  is  impregnated  interference  is  removed. 

with  the  most  delicate  balsamic  odours  Agreeable  as  vegetableodoursusually 

—and  when  all  nature  seems  as  if  of-  are  to  our  senses,  there  are  some  strik- 

feriug  up  incense  in  gratitude  tor  the  ing  exceptions.    Many  Stapelias,  the 

wfreshing  powers  of  darkness  and  of  Arum  draeunculus,  and  severe  other 

dew.    Let  M/ one,  fiir  «xam^er^luX  t*^  viwam  jA  >.Xi«  «a«  f^uust  ^bosv 
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Bowers  are  of  a  deep  livid  colour,  have  that  people  have  died  from  being  shut 
Ei  smell  so  completely  that  of  putrid  up  in  a  room  in  which  the  Oleander 
meat,  that  flies  actually  deposit  their  was  in  flower ;  hysterics  have  been 
if^gS  in  them  by  mistake  ;  Arum  tiifi-  brought  on  by  the  Musk  Mallow  ;  Saf- 
lum  has  an  abominable  stercoraceous  fVon  has  been  known  to  produce  swoon- 
3dour  ;  and  the  pollen  of  the  Sweet  ing ;  and  the  flowers  of  Lobelia  lonfi;i- 
Chestnut  and  the  Barberrv  has  a  pe-  flora  have  caused  suffocation.  The 
culiarlv  disagreeable  smell.  Even  the  odours  ofother  organs  may  also  produce 
most  delicate  kinds  of  fragrance  when  inconvenient  consequences :  the  Elder, 
concentrated  prove  disagreeable,  and  the  Walnut,  and  the  Anagyris  bring  on 
in  many  cases,  in  their  simple  state,  headache  in  persons  who  sleep  beneath 
act  powerfully  upon  the  nerves  ;  even  their  shade ;  and  the  Manchmeel  tree 
oil  of  Roses  highly  concentrated  can  is  said  to  have  proved  fatal  to  travellers 
scarcely  be  supported,  and  every  one  who  have  trusted  to  its  shelter, 
knows  that  a  perftimer's  shop,  although  ■' 
Ihe  receptacle  of  the  sweetest  essences,  Vague  and  unsatisfactory  as  all  these 
is  by  no  means  an  agreeable  place,  details  must  be  admitted  to  be,  they 
The  spasmodic  affections  produced  by  are  so  connected  with  one  of  the  most 
the  odours  of  flowers  are  more  com-  curious  inquiries  in  either  the  vegetable 
mon  than  is  generally  supposed,  but  or  animal  kingdom,  that  we  think  we 
vary  in  different  individuals  according  cannot  have  oone  otherwise  than  ren- 
te their  respective  powers  of  endurance,  der  good  service  to  our  readers  by  let- 
Some  of  the  most  remarkable  cases  are  ting  them  form  a  part  of  this  treatise, 
the  following: — The  Jonquil  and  the  especially  as  they  are  scarcely  to  be 
Tuberose  are  insupportable  by  persons  found  adverted  to  in  our  English 
of  delicate  nerves ;  few  can  bear  the  elementary  works ;  and  we  close  what 
fragrance  of  the  Lilac,  especially  in  a  relates  to  the  physiology  of  plants,  by 
room  ;  even  Violets,  the  last  flowers  to  strongly  recommending  the  investiga- 
be8U5pected,have  in  many  cases  proved  tionofthe  subject  to  all  those  whose 
deleterious ;  Dc  Candolle  says  he  has  tastes,  leisure,  and  attainments  may 
witnessed  many  ladies  faint  from  car-  lead  them  to  occupy  themselves  with 
rying  too  many  of  them  on  their  per-  one  of  the  richest  fields  of  inquiry 
ions,  or  from  having  placed  them  too  which  yet  remain  in  Nature  to  be  ex- 
near  them  when  asleep.    It  is  asserted  plored.j 
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Part  IIL^-^Systbhatic  Botany.  the  observer  should  Judg^e  among  the 

individuals  correctly  of  all  the  points  of 

Chapter  I.  agreement  or  disagreement  that  really 

O/the  General  Naiureqfthe  Plan  that  *?^!.J'h.p™ '!„*^!u■™'i'iH  ^"".^r't'n.? 

■"ie  foiled  in  classi^ing  Object.  \^Ct:^L^Xo'L^^r:^lohtZ 
Whjsn  an  observer  first  sets  himself  to  agreement,  or  the  greatness  of  the 
examine  the  various  plants  with  which  sum  of  their  differences,  he  will  have 
the  earth  is  clothed,  he  finds  his  atten-  formed  a  natural  classification ;  that  is 
tion  forcibly  arrested  by  their  great  to  say,  a  classification  in  which  those 
diversity  of  structure,  and  by  the  seem-  individuals  will  stand  nearest  each 
ingly  endless  variations  under  which  other  that  are  most  alike,  and  those 
nature  presents  herself  in  a  vegetable  be  stationed  farthest  apart  which  are 
form.  The  first  meadow  that  he  enters  least  alike.  If,  on  the  other  hand,  he 
will  bring  before  him  a  crowd  of  indi-  should  have  erred  in  this  respect,  and 
viduals,  which,  although  at  first  sight  have  abstracted  the  individuals  accord- 
all  so  similar  that  they  might  be  looked  ing  to  certain  single  characters,  and  not 
upon  as  one  large  assemblage  of  the  according  to  the  sum  of  them,  he  would 
same  form  of  vegetable  matter,  yet,  have  formed  an  artificial  classification. 
upon  a  more  exact  inspection,  prove  Butas,  in  either  case,  he  would,  in  the 
to  consist  of  endless  variations  of  first  instance,  have  abstracted  the  indi- 
structure:  some  will  be  found  to  have  viduals  according  to  what  would  have 
netted,  others  striated  leaves  ;  some  to  appeared  to  him  their  identity,  and  so 
bear  their  heads  erect  in  the  form  of  assorted  the  whole  into  species,  and  as 
green  scaly  cones,  while  others  bring  he  could  hardly  commit  any  consider- 
forth  gaily  coloured  cups,  and  another  able  errors  in  that  respect,  seeing  that 
set,  without  either  cones  or  cups,  creep  no  great  doubt  would  be  likely  to  arise 
along  the  ground,  and  seem  as  it  were  as  to  what  constitutes  identity,  it  would 
to  form  a  carpet  for  the  floor  of  that  follow  that  species  would  form  the 
vast  enclosure  in  which  so  many  basis  of  his  classification,  whether  na- 
millions  of  vegetable  beings  are  assem-  tural  or  artificial. 
bled.  Upon  a  vet  nearer  inspection.  This  is  precisely  the  course  that  is 
it  is  found  that  this  mass  of  individuals,  taken  by  Botanists  in  assorting  the  vast 
confused  as  it  seems,  may  be  abstracted  mass  of  individuals  with  wnich  the 
into  groups  that  agree  with  each  other  face  of  the  earth  is  beautified  ;  they 
in  every  petty  detail  of  structure ;  and  first  combine  the  individuals  into  spe- 
that  the  scene  consists  of  nothing  but  cies,  next  arrange  the  species  in  ge- 
such  groups  excessively  intermixed ;  nera,  then  collect  the  genera  into 
these  groups  are  Species.  As  soon  as  the  orders ;  and  thus,  by  successively  losing 
mind  has  thus  assorted  the  species,  it  be-  sight  of  differences,  and  confining  their 
comes  evident  that  there  are  groups  attention  to  points  of  agreement,  they 
among  them  also,  having  certain  other  finally  reduce  the  whole  to  a  regular 
attributes  in  common  by  which  they  classification. 

differ  from  one  another ;  tnese  are  a^ain  It  is  obvious,  however,  that  this  kind 
mentallyassorted,  and  form  abstractions  of  progress  must  be  arbitrary  and  un- 
of  a  higher  order  called  Genera,  If  the  certain  in  the  highest  degree,  unless 
field  is  extensive  enough,  genera  will  gome  rules  are  laid  down  for  determin- 
themselves  next  be  put  into  groups  ing  what  is  to  be  considered  the  rela- 
distinguished  in  the  mind  of  the  ob-  tive  value  of  the  differences  that  must 
server  bv  some  other  qualities  that  they  be  employed  in  classification ;  and  such 
possess  m  common,  and  Orden  arc  the  a  necessity  has  g[iven  rise  to  that  depart- 
result.  And  thus,  by  a  series  of  ab-  nient  of  the  science  on  which  we  are 
stractions  of  different  defi^rees,  in  each  now  to  treat,  in  which  undoubtedly 
of  which  the  "  distinguishing  peculiar!-  there  is,  from  the  very  nature  of  the 
ties  are  lost  sight  of,  and  attention  is  subject,  muchthatisvague.but  in  which 
limited  to  those  attributes  which  be-  there  also  is  much  that  is  well  deserv- 
long  to  the  individuals  in  common,'*  a  ing  the  attention  of  the  philosopher, 
classification  of  some  kind  or  other  is  Under  any  circumstances  it  is  de- 
arrived  at.  If,  in  such  a  supposed  case,  sirable,  that  in  instituting  an  inquiry 

to  be  conducted  by  numerous  inde- 

•  DtfwripUw  Bounjr.  which  it  wai  origiiwUy  in-  pendent  observe  A»  c«t«AU  xwV»  ^\\wW 
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dples  «ettled  as  the  basis  of  their  in-    upon  structure,  they  seem  to  amount  to 
vestif^tion,  otherwise,  however  limited    this,  that  all  individuals  which  are 
the  field  of  observation  may  be,  there    identical,  constitute  in  the  aggrejrate  a 
is  a  danf^er  of  the  results  l)eing  attend-    species.     It  is  therefore  necessary  to 
ed  by  such  discrepancies  as  will  viti-    intjuire  what  is  here  meant  by  the  term 
ate  and  render  useless  all  the  labour    "  identity."    It  is  manifest  that  it  is 
that  may  be   expended.    That  it    is    not  employed  in  its  strictest  sense ;  for 
more  especially  important  for  this  to    there  probably  never  was  even  one  pair 
be  done  in  Botany,  is  manifest,  if  we    of  plants  of  the  very  same  size,  form,  or 
consider  how  very  numerous  are  the    colour,  in  all  respects:  the  word  most 
species  that  constitute  this  vast  section    therefore  be  taken  to  bear  a  more  ex- 
of  the  animated  world ;  how  endless  are    tensive  application, 
the  varieties  of  their  structure  ;  how        All  plants  are  considered  botanicaUr 
liable  they  are,  from  their  very  nature,  to    identical  in  which  the  structure  near^ 
shift  and  change  their  appearance,  ac-    corresponds.   For  example*  if  one  indi- 
coidin^  as  they  are  influenced  by  this  or    vidual  has  leaves  two  inches  lon^,  and 
that  combination  of  external  influences,    another,  those  parts  three  inches  long. 
What  number  of  species  of  plants  may    the  two  would,  nevertheless,  be  con- 
really  exist  upon  the  earth  will  possibly    sidered  identical,  provided  they  corre- 
never  be  known.    At  present  there  is    sponded  in  all  other  respects;  nor  is  it 
no  means  of  forming  even  an  approxi-    here  that  the  identity  contemplated  in 
mative  estimate,    so   little  has  been    the  previous  definitions  can  be  said  to 
efl'ected  in  the  examination  of  a  large    stop.  If  one  plant  has  white  flowers  and 
portion  of  the  globe,  and  so  imperfectly    pale  green  leaves,  while  another  hu 
are  we  acquainted  with  the  results  of    blue  flowers  and  dark  green  leaves, but 
the  examination  that  has  been  hitherto    arc  otherwise  the  same,  they  would  still 
made.  be  considered  identical :   or  the  word 

Professor  Lindley  estimated  them  in  may  be  applied  yet  more  widely ;  fiv 
1835  at  about  86,000,  but  this  is  pro-  suppose  one  fruit-tree  bore  smallround 
bably  much  too  low,  and  it  seems  that  sweet  apples,  red  flowers,  and  shining 
we  should  be  justified  in  carrying  the  leaves,  and  another  bore  large  angular 
number  up  to  loo.ooo.  Meyen  raises  acid  apples,  white  flowers,  and  opaque 
the  number  to  200,000  {Pflanzen  Geo-  leaves,  nevcrtheless,andnotwithstand- 
graphie,  p.  5).  ing  these  differences,  the  two  would 

p  TT  come  within! he idcaofidentity.provided 

^^^  !^rV'  .    •  their  diff-erences  went  no  farther.   T!ic 

Of  Species  and  J  arieUes.  reason  of  such  a  latitude  being  given 

AccoRDiNQ  to  Jnssieu  and  others,  a  to  the  application  of  the  term  is,  that 
species  is  a  combination  of  individuals  in  plants  many  external  characters  are 
alike  {semblables)  in   all  their  parts,  of  a  fleeting  and  transitory  nature,  as ii 
De  Candolle  makes  it  **  a  collection  known  by  experience,  and  such  tran- 
of  all  the  individuals  which  resemble  sitory  characters  arc   not  taken  into 
each  other  more  than  they  resemble  account  in  comparing  two  individuals, 
anything  else ;  which  can  by  mutual  Of  that  nature  are,  in  ceneral,  colour, 
fecundation  produce  fertile  individuals  ;  taste,  size,  and,  sometimes,  even  form, 
and  which  re-produce  themselves,  by  The  seed  of  a  plant  with  white  flowers 
generation,  in  such  a  manner  that  we  may  produce  an  individual  with  blue 
may  from  analogy  suppose  them  all  ones;  or  the  seed  of  an  acid  fruit  may 
sprung  originally  from  one  sini^le  indi-  give  birth  to  a  plant  bearing  sweet  fruit, 
vidual."     "The  first  unity  after  indi-  These  are  facts  ascertained  by  experi- 
viduality  ;*'—'*  a  systematic  combina-  ence,  and  therefore  all  such  peeuliah- 
tionofhomou:cneous individuals:"— "a  ties  arc  in  general  estimated  as  unim* 
collection  of  individuals  which    will  port  ant  in  determining  the  collection 
breed  together,    and   produce    fertile  of  individuals  into  species, 
oflspring,"  are   other  definitions.     In        Botanical  identity  must  hence  be  un- 
order to  understand  these  rightly,  and  derstood  as  meaning  a  correspondence 
to  see  how  they  ajiply,  it  is  necessary  in  all  permanent  characters.     The  ap- 
to  separate  the  definitions  into  two  j^licition  of  this  rule  depends  entirely 
parts,    the    one    compri-hcnding    the  upon  the  knowledge  ana  judgment  of 
structural,  the  other  the  physiological  the  botanist,  and  is  unfortunately  liable 
characters  assigned  to  a  species.  to  much  uncertainty,  from  a  variety  of 
8o  far  as  these  definitions  de^xvd  e^ws^s,  deluding  upon  the  specific 
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peculiaritiesof  different  plants.    What  Europe  »  not  more  different  from  the 

impermanent  in  one  species  is  transi-  American  than  a  Shetland  pony  from  an 

foiy  in  another;  and  what  is  transitory  Arabian  horse;   and  that  moreover,  as 

in  one  is  permanent  in  another,  for  no  it  is  certain  that  the  definition  applies 

known  cause.   For  example,  the  colour  to  many  species  that  are  distinct  beyond 

of  the  flowers  is  liable  to  variation,  and  all  dispute,  as  the  Apple  and  the  t*ear, 

eonseauently  unimportant  in  Campa-  the  Grooseberr^  and  the  Currant,  it  is 

nula,  Pyrus,  Hyacinthus,  and  others ;  probable  that  it  applies  in  other  cases 

but  it  appears  permanent  in  the  genus  as  well. 

Mesembryanthemum.  The  presence  Be  this  as  it  may,  it  is  at  least  certain 
or  absence  of  hairs  is  of  no  permanency  that  the  physiological  definition  of  a 
in  Rosa,  Pyrus,  Rubus.  &c.,  and  yet  it  species  is  merel)r theoretical, and  that  the 
is  generally  found  a  distinction  of  value  only  one  which  is  applicable  to  practical 
in  other  plants.  The  form  of  the  fruit  purposes  is  that  which  is  derived  from 
is  notoriously  variable  in  Pyrus,  Cu-  organic  identity,  as  above  explained, 
ciimis,  Prunus,  and  others;  but  in  But  it  has  already  been  shown,  that 
Carex,  Mitrasacme,  &c.  it  is  found  it  is  impossible  to  determine  what  is  a 
eonstant.  The  leaves  too,  which  in  s])ecies  upon  structural  differences  alone, 
their  form  are  uncertain  in  Eucalyptus,  and  hence  it  may  seem  impossible  to 
Dahlia,  Pyrus,  and  some  few  genera,  decide  the  question  by  any  certain  rule 
often  aSbrd  excellent  discriminative  whatever.  And  that  is  the  truth;  let 
marks.  For  these  reasons  it  is  per-  botanists  explain,  and  define  and  refine 
haps  impossible  to  decide  with  certainty  as  much  as  they  will,  they  are  driven 
what  is  a  species  upon  structural  at  last  to  admit  that  whatever  theoreti- 
differences  alone.  cal  limits  may  be  assigned  to  a  species. 
The  physiological  definition  of  a  there  are  none  of  a  positive  kind;  but 
species  is,  that  all  the  individuals  that  that  the  determination  of  the  point 
belong  to  it  will  breed  together  and  pro-  must  alter  all  be  left  to  the  cxpenence 
diice  successors  having  the  same  power  and  judgment  of  the  observer. 
of  reproduction  by  seed.  This  idea  has  The  rules  that  are  to  be  attended  to 
evidently  been  derived  from  the  animal  in  forming  a  judi;ment  in  this  matter 
kingdom,  in  which,  among  the  higher  may  be  stated  thus :  species  are  not 
orders  of  animals  at  least,  it  seems  liable  usually  distinguished  by  differences  in 
to  no  except  ion.  In  ])lants  it  is  exposed  the  internal  organization  of  individuals, 
to  two  ol  jections ;  firstly,  it  is  inappli-  or  in  the  plan  upon  which  their  exter- 
cable  to  by  far  the  largest  part  of  the  nal  parts  are  combined, — those  circum- 
vegetable  kingdom,  for  we  possess  no  stances  are  not  taken  into  account  till 
means  of  ascertaining  whether  species  genera  and  the  higher  assortments  of 
will  breed  togtt  her  or  not,  except  m  the  species  come  to  be  formed;  but  upon 
case  of  the  few  that  are  immediately  differences  of  a  superficial  and  exter- 
within  our  reach  in  a  wild  or  cultivated  nal  kind,  or  such  as  are  independent  of 
state;  aftdsecondly.it  implies  that  no  in-  internal  organization, 
dividiials  will  so  breed  together,  except  The  cause  of  the  same  species  vary- 
thosc  which  belong  to  the  same  species,  ing  in  regard  to  such  points  as  these 
a  statement  of  which  we  possess  no  has  been  well  stated  by  De  Candolle. 
means  of  nscertaining  the  truth,  and  "  I-.et  us  suppose,  what  really  happens, 
which  seems  opi>osed  to  experiment,  that  the  seeds  of  plants  are  scattered  at 
It  would  hardly  be  doubted,  that  the  hazard  over  the  surface  of  the  earth, 
wild  wnod  Strawberry  of  Europe  is  or,  to  speak  more  correctly,  by  causes 
distinct  as  a  species  from  the  American  that  have  no  necessary  connexion  with 
kind,  Fra^aria  Virginiana,  for  they  are  the  existence  of  those  plants ;  such  seeds 
different  in  their  foliage,  in  their  flowers,  will  find  themselves  in  an  infinite  va- 
in their  truit,  and  in  all  their  habits,  hety  of  situations;  some  which  have 
yet  they  certainly  will  breed  together  fallen  in  soil  that  is  too  tenacious  or 
and  produce  fertile  offspring:  arid  nu-  too  loose,  too  dry  or  too  wet,  too  hot  or 
merous  similar  cases  of  Pelargonia,  too  cold,  do  not  grow  and  are  soon  de- 
Gladioli,  &c.,  are  upon  record.  It  may,  stroyed.  But  between  these  extremes, 
however,  be  alleired  that  all  the  well  some  will  succeed,  although  it  may  be 
ascertainedcasesof  this  kind  are  really  under  very  different  circumstances, 
instances  of  the  intermixture  of  strongly  Thus,  for  instance,  if  the  place  is  not 
marked  varieties  of  the  same  speciet ;  light  enough,  the  T)\m\.  v«\\\  \^  \aN\ 
that  the  wild    wood  Strawberry  of  blancbed,  as  wV)\  TO  \tv^^\.^\si  >^& 
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paleness  and  feebleness,  or  by  being  and  to  assume  another  as  often  as  they 
spotted,  or  by  the  diminution  or  even  are  propa^ted  by  seed.    Experience  ii 
loss  of  its  hairs ;   if  the  light  is  too  the  only  guide  to  the  discovery  of  such 
bright   the   plant   will    be    stronger,  variations,  and  herein  much  of  the  ad- 
dwarfer,  more  deeply  coloured,  harder,  vantage  of  a  practised  over  an  unprac- 
and  more  velvety  than  usual.     Tern-  tised  botanist  consists;  for  the  latter 
perature  also  exercises  some  influence^  knows  that  certain  peculiarities  are  not 
though  in  a  less   degree;  in  a  cold  permanent,  not  as  a  point  of  theory, 
climate  the  same  plants  are  smaller  out  as  a  matter  of  fact,  independent  of 
and  weaker  than  ordinary ;  the  colour  all  theory.     He  knows,  for  instance, 
of  the  flowers  and  fruits  is  paler,  the  that  if  the  seeds  of  the  Anemone  cork- 
wood worse  ripened,  their  leaves  more  naria  with  white  flowers  are  sown,  they 
deciduous,  their  fruit  often  abortive,  and  will  produce  individuals  with  flowen  of 
the  sap  destined  to  nourish  it,  throwing  many  other  colours;  that  if  Purple  Beech 
itself  into  the  neighbouring  parts,  some-  seeds  are  sown,  they  will  form  planti 
times  changes  their  appearance.     In  a  with   green,    pale    purple,    and    deep 
hot  climate  plants  become  larger,  pro-  purple  leaves ;  or  that  whenever  a  bed 
duce    more    wood,   and    their    leaves  of  seedling  plants  of  any  long  cultivated 
have  brighter  colours,  and   a  higher  species  is  examined,  a'  number  of  dis- 
flavour.   In  the  same  climate  humidity  crepancies   will    occur   among   them, 
causes   the  appearance  of  differences  either  in  their  flowers  or  their  leavei, 
without  end ;  plants  that  grow  in  water  or  some  other  part, 
lose  all  their  hairs,  their  leaves  become  The  particulars  upon  which  species 
divided  into  capillary  segments  so  as  are  usually  distinguisned are*. — I,  Dura- 
to  look   like  hairy  roots;  their  stems  tion ;    2.  Dimension;    3.  Surface ;' A, 
and  flower  stalks  lengthen  to  reach  the  F^m ;  5.  Division ;  6.  Nutnericai  Pro- 
surface  of  the  water ;  and  these  differ-  portion ;  7.  Colour.    We  will  consider 
ent  effects  are  still  further  variable  as  the  value  of  each  of  these  separately, 
the  water  is  still  or  agitated,  clear  or  Duration  comprehends  three  spaces 
turbid,  pure  or  mixed  with  heteroge-  of  time  only,  namely  duration  for  a 
neous  substances  ;  the  varieties  of /?a-  period    defined  by  the  production  of 
nunculus  aquaiilift  offer  a  remarkable  flowers  and  fruit,  after  which  the  in- 
example  of  this.    If,  on  the  other  hand,  dividual  perishes:  these  are  annuids; 
a  plant  accustomed  to  water  is  found  duration  of  the  roots  for  an  indefinite 
to  live  in  a  drier  soil,  it  becomes  covered  period,  the  stems  flowering  and  fruiting, 
witli  hairs,  remains  smaller  than  usual,  and  perishing  annually :  these  are  per- 
and  acquires  greater  hardness.     In  air  cnnials  or  herbaceous  plants;  and  dura- 
rarified  like  that  of  mountains,  plants  tion  of  both  roots  and  stems  for  an  in- 
are  generally  found  smaller  and  more  definite  period,  the  latter  not  perishint; 
stunted  than  usual,  while  their  flowers  after  the  maturation  of  the  fruit,  but 
are  larger  than  upon  the  plains.    The  becoming  woody  and  giving  birth  to 
influence  of  soil  is  not  less  manifest ;  new  stems  (branches) :  these  are  shrub* 
if  it  is  tenacious,  the  roots,  which  pene-  and  trees.     It  may  be  taken  as  an  uni- 
trate  it  with  difficulty,  remain  small,  versal  rule,  that  individuals  differing 
hard,  and  clustered;  if  it  is  very  sandy,  in  points  of  this  kind  are  specifically 
the  roots  become  large,  fleshy,  and  fully  distinct.      It  is   not  indeed   probable, 
formed ;  if  it  contains  a  great  q\iantity  that  differences  of  so  important  a  kind 
of  carbon,  the  colours  of  the  flower  are  as  these,  which  are  inherent  in  the  very 
often  altered,  as  those  of  the  Hydrangea  nature  of  the  individuals,  and  which 
into  blue,  and  of  the  Pink  into  violet ;  could  not  be  altered  without  an  altera- 
if  it  is  charged'with  salt,  or  if  the  plant  tion  in  their  whole  physiological  con- 
is  within  the  reach  of  salt,  even  brought  dition,  should  be  of  a  transitory  kind; 
through  the  atmosphere,  we  usually  it  is  almost  certain  that  the  very  few 
find  the  leaves  more  fleshy  and  more  cases  in  books  where  a  plant  is  said  to 
glaucous,    as    in  Lotus    cornicukitus,  be  annual  in  one  of  its  varieties  and 
All  these  different  circumstances,  com-  perennial  in  another,  are  mere  instances 
bined  with  each  other  in  nature,  are  of  botanical  errors.    There  is  no  proof 
fertile  causes  of  varieties,  which  are  still  to  the  contrary  of  this  in  the  common 
further  multiplied  by  cultivation.'*  Mignonette,  which  is  annual  in  Eng- 
To  these  causes  of  variation  has  to  land,  and  a  kind  of  undershrub  on  the 
be  added  an  inherent  tendency  in  ccr-  coast  of  the  Mediterranean,  nor  in  other 
/a/h  species  to  throw  off  one  peculiarity  I  such  cases';  for  the  Mignonette  and 


BOTANY.  133 

its  of  a  similar  kind  are  not  in  reality,  riable  character  if  contrasted  with 
•n  in  our  gardens,  at  all  different  smoothness,— that  is,  a  flatness  of  the 
stitutionally  from  the  wild  species,  parenchyma;  but  it  is  apt  to  run  into  a 
they  are  incapable  of  enduring  the  greater  degree  of  convexity  when  leaves 
land  wet  of  winter;  and  hence,  as  become  crisp,  or  bullate.  It  will  be 
^  produce  their  flowers  and  fruit  found,  upon  examination,  that  all  such 
I  few  months,  they  are  only  treated  leaves  are  variations  of  a  rugose  surface; 
innuals  in  such  countries  as  Eng-  Mentha  cn'spa,  for  example.  In  like 
\;  if  they  are  kept  in  a  greenhouse  manner,  if  an  individual  is  marked  by 
f  preserve  all  their  native  habits  having  its  veins  projecting  above  the 
Itered,  and  become  small  under-  parenchyma,  it  is  never  referable  to  a 
ihs.  species  whose  veins  are  level  with  the 

Hmemion  is  rarely  of  importance    parenchyma.    Some  plants  have  their 
1  in  extreme  cases  ;   a  plant  only  a    surface  so  smooth  as  to  seem  polished : 
inches  high  in  a  poor  dry  soil  may    thiH  is  a  constant  character;  and  of  the 
)me  very  much  larger  in  a  damp    same  value  is  the  presence  of  asperities 
soil ;  tne  e£Pect  of  cultivation  is  to    in  the  form  of  tubercles,  or  hard- based 
ease  the  dimensions  of  plants  in  all    hairs,  originating  below  the  parenchy- 
r  parts,  or  sometimes  even  to  dimi-    ma.  These,  as  well  as  glandular  hairs, 
i  them,  as  is  the  case  in  the  nume-    secreting  something  at  their  points,  are 
I  dwarf  varieties  of  common  species,    indications  of  constitutional  peculiar!- 
1(1    in    every   garden.      We    have    ties,  which  the  species  never  loses  or 
iJias  reduced,  in  stature  by  dwarfing    alters,  under  whatever  circumstances  it 
I  six  feet  to  two  feet ;  Dianthus  bar-    may  be  placed.    Tims,  in  the  difficult 
'9  from  eighteen   inches  to  three    genera,  Rosa  and  Rubus,  those  indivi- 
es,  and  even  Spruce  Firs,  in  the  case    duals  in  which  secreting  or  glandu- 
le Clanbrasil  Fir,  reduced  from  tim-    lar  hairs  exist,  are  apparently  referable 
trees  to  a  pigmy  bush.  And  a  simi-    to    species    essentially   distinct    from 
esult  occurs  from  climate :  it  is  well    those  in  which   no  such  hairs  exist, 
vn  that  many  of  the  trees  of  plains    Far  otherwise  is  it  with  common  lym- 
»me  more  and  more  dwarf  as  they    phatic  hairs,  which,  as  has  already 
nd  mountains,  till  at  length  they    been  shown,  may  appear  in  greater  or 
•me  mere  underwood,  and  the  same    less  abundance  upon  the  very  same  in- 
g    is   true  of  herbaceous  plants    dividual,  according  to  the  different  cir- 
annuals.     It  sometimes,  however,    cumstances  in  which  it  is  placed, 
pens  that  differences,  not  in  gene-        In  the  common  Do^  Rose  (if.conf'na) 
limensions,  but  in  those  of  particu-    we  have  leaves  entirely  destitute  of 
»arts,  become  of  specific  importance,    hairs;    other  individuals  with  a  few 
or  example,  in  the  case  of  two  in-    hairs  on  the  midrib ;  others  with  them 
luals  resembling  each  other  in  most    spread  over  the  whole  lower  surface  ; 
ects  and  growing  in  different  soils,    then  again  they  overrun  the  upper  sur- 
rhich  that  growing  in  damp  rich    face,  and  thus  produce  diversities  of 
bears  small  flowers,  and  the  other    appearance  which  have  led  to  the  crea- 
ry  sterile  soil  bears  large  flowers,    tion  of  many  spurious  species.    It  may 
inctions  of  even  this  sort  are,  how-    be  considered  a  certain  rule,  that  in  all 
,  to  be  distrusted  under  any  circum-    cases  difi'erences  in  the  degree  of  hairi- 
ces  ;   for  the  usual  size  of  flowers    ness  of  individuals  are  unimportant  if 
either  be  increased  by  a  portion  of    unaccompanied  by  further  diflerences 
1  being  destroyed  when  the  nutri-    in  other  respects;    nevertheless,  the 
t  intended  for  many  is  directed  to    terms  denoting  the  presence,  or  ab- 
lupport  of  one,  or  diminished  by  the    sence,  or  quantity  of  lymphatic  hairs, 
luction  of  many  more  flowers  than    are  in  constant  use  among  the  best 
J,  when  each    flower  has  but  a    systematists ;  l}ecause,  as  the  appear- 
ing supply  of  food.  ances  produced  by  them  are  of  a  very 
Jie  turface  of  individuals  is  some«    obvious  kind,  they  are  convenient  indi- 
8  remarkably  dissimilar,  the  differ-    cations  of  distinction  when  combined 
\    arising    from    several    distinct    with  other  circumstances.    These  ol)- 
les,  of  unequal  value  in  judging  of    servations    apply  chiefly    to    leaves ; 
tity.    Surface  is  sometimes  what  is    hairiness  of  the  stem  is  far  more  con- 
nically  called  rugose,    in    conse-    stant ;  and  where  hairs  of  any  kind  a^j- 
ice  of  the   parenchyma  between    pear  upon  pat\a  1Y\«X.  w^  \x%\«i^^  ^^i&Cv- 
s  being  conrex*    This  is  an  iota-   tute  of  them*  M,  tot  \tvi\axi^^«  ^^^  ^^ 
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rolla,  the  stamens,  or  the  ovary,  such  are  constant,  except  in  the  case  of 
circumslance.H  are  usually  a  permanent  succulent  fruits,  the  form  of  which  ii 
indication  of  species.  It  has  also  been  very  changeable  and  uncertain, 
tlioufcht  that  the  direction  in  which  Characters,  derived  from  differences 
lymphatic  hairs  point,  may  be  taken  as  in  the  degree  of  division  of  organs,  are 
a  good  specific  character;  and  this  has  to  be  distinguished  into  two  classes: 
been  applied  to  the  genera  .t/yo«o/t«  and  1.  those  which  depend  upon  mere  la- 
others,  but  it  is  doubtful  whether  this  cerations  of  the  parenchyma  of  the 
is  risht*.  The  presence  or  absence  of  same  organ ;  and  2.  those  which  arise 
prickles,  which  are  a  form  of  hairs,  is  from  the  non-adherence  of  contiguou 
apparently  of  certain  value  in  extreme  organs.  To  the  first  class  belong  all 
cases,  or  in  comparing  wild  plants  with  toothings,  or  lacerations  of  the  margin 
each  other;  but  its  value  is  much  di-  of  leaves,  petals,  &c. ;  and  these,  in 
minished  when  wild  and  cultivated  in-  the  leaf  at  least,  are  seldom  of  any 
dividuals  are  objects  of  comparison;  consequence,  provided  they  are  merely 
for  it  not  unfrequently  occurs  that  different  in  degree.  For  instance,  the 
prickly  species  become  unarmed  when  common  Alder  {Alnus  gfutinosa)  usu- 
introduced  into  gardens,  as  has  hap-  ally  has  leaves  with  a  mere  seiTated 
pened  to  Rosa  alba,  in  a  very  prickly  margin,  but  sometimes  they  are  pin- 
genus.  The  surface  of  a  plant  is  some-  natitid,  or  almost  pinnated ;  and  this 
times  covered  with  a  slight  waxy  glau-  is  a  common  circumstance.  Hence, 
cous  secretion  constituting  bloom,  A  the  numbers  of  cut-leaved,  fem-leaved, 
good  deal  of  value  is  attached  by  Bo-  and  similar  varieties  of  plants,  common 
tanists  to  this  mark  when  it  appears,  in  gardens.  It  is  less  usual  for  leaves 
and  it  often  proves  of  much  use  in  de-  which  are  quite  entire  to  separate  into 
termining  doubtful  points;  as,  for  ex-  divisions,  but  even  this  occura  in  the 
ample,  in  defining  the  limits  between  Symphoria  racemosa,  the  young  vi- 
Aster  cyaneus  and  A.  rubricaulis,  gorous  shoots  of  which  are  sometimes 
The  form  of  different  parts  is  often  covered  with  deeply  sinuated  leaves, 
one  of  the  most  delusive  characters,  while  those  of  the  remainder  of  the 
although  in  many  cases  it  seems  to  be  of  bush  have  not  a  trace  of  division.  Lace- 
value.  De  Candolle  well  observes,  that  rations  of  the  margin  of  petals  are 
as  to  the  general  forms  of  organs, '*  they  usually  constant,  as  between  fringed 
are  only  of  importance  as  they  are  the  and  fringeless  cases ;  but  if  there  is  any 
consequence  of  anatomical  difterenci's;  laceration  at  all,  mere  differences  in 
that  is  to  say,  of  the  arrangement  of  decree  are  to  be  distrusted.  The  second 
the  veins.  The  form  of  a  leaf  may  vary  class  of  differences  includes  all  the 
within  tolerably  wide  limits,  without  any  modifications  of  division  observable  in 
material  change  in  the  arrangement  the  calyx,  or  corolla,  &c.,  and  generally 
of  its  veins."  In  fact,  nothing  is  more  these  are  very  uniform  in  all  indivi- 
common  than  striking  difl^erences  in  duals  of  the  same  species, 
the  form  of  the  foliaceous  organs  in  tlie  Numerical  jwoportinn  has  been  well 
same  species.  The  gardens  are  filled  disposed  of  by  one  of  the  most  learned 
with  narrow-leaved,  broad-leaved,  long-  of  modern  botanical  writers.  "  Differ- 
leavcd  varieties,  well  known  to  have  been  ences,"  says  De  Candolle.  "  in  the  num- 
raised  from  the  seed  of  species  in  which  bcr  of  parts  demand  the  most  serious 
th-  leaves  are  altogether  different.  The  attention  on  the  part  of  the  naturalist, 
onlire-leaved  Ash,  a  most  remarkable  either  because  their  importance  has 
tree,  is  a  striking  instance  of  this.  Its  been  often  exaggerated,  or  because  this 
leaves  are  ovale,  and  simi)ly  serratt'd.  importance  is  sometimes  very  great, 
The  common  Ash  has  pinnated  leaves,  and  sometimes  very  small.  In  the 
and  yet  there  seems  no  doubt  that  the  midst  of  such  anomalies,  let  us  attempt 
seeds  of  the  entire-leaved  Ash  will  to  reduce  it  to  its  just  value.  General 
produce  the  common  pinnated  state  of  differences  in  the  number  of  stems, 
the  species,  and  that  conseouently  the  branches,  leaves,  or  flowei-s,  have 
former  is  a  mere  accidental  variety  of  scarcely  ever  any  importance,  unless 
the  latter.  In  gt  neral,  however,  differ-  in  extreme  cases,  or  as  between  unity 
ences  in  the  form  of  the  organs  of  fruc-  and  some  high  number,  or  when  special 
tification,providcd  they  arc  well  marked,  observation  has  shown  that  certain 
.«  ^    .„,.,,..,    r        , ,  .    .  .  nunibers  are  constant.    Thus  the  num- 

•  re  Candolle  stateii  tluit  the  form  of  hairs  is  in  u«-  -.*•  ipu «««  nr  41au,a*.  \^  «  ^k^^l  ...•» 

gcacrul  very  comfant  In  a  Bpecies.  but  U  foiBii  a  ^^^  Ot  leaves  Or  tlowers  in  a  WhOM  may 

ebmractMthtii  U  hardly  evoi  attwidedt  N^T^  v>^  "V*  ^t  Qt  3  %hove  OF  below  the 
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customary  number;  but  the  greater  the  is  that  they  are  two  distinct  species, 

difference  becomes,  the  more  attention  There  are  moreover  certain  genera  in 

must  be  paid  not  to  conibund  diiferent  which  colour  seems  fixed  in  particular 

things.    On  the  other  hand,  there  are  species,   as    in    Mesembryanthemum, 

certain  plants  in  which  certain  num-  and  Aconituni. 

hers  appear  constant ;  thus  ConroZ/aria        Odour,  taste,  and  similar  qualities, 
bifolia  nas  constantly  two  leaves,  Tril-  are  by  themselves  of  no  moment  what- 
Hum  sessile,  three,  Paris  quadrifolia,  ever ;  they  are  owing  much  more  to  the 
almost  always  four,  &c. ;  Tulipa  Gesne-  peculiar  circumstances  under  which  a 
riana  bears  but  one  flower  on  a  stalk,  plant  may  be  placed  while  growing, 
Lonicera  Xylosteum  always  two  ;  Cyti-  than  to  any  specific  property.    For  in- 
$us  'iriflorus    usually    three,    Liisea  stance,  aromatic  plants  become  more 
/tf/ron/Autf  four,  and  so  on.  With  respect  aromatic  as  they  are  exposed  to  the 
to  this,  we  ought  to  take  as  a  general  powerful  action  of  bright  light  in  dry 
rule,  in  objects  of  number  in  Botany,  places,  and  less  so,  as  the  situation  in 
that  the  number  of  organs  or  of  parts  which^  they  grow  is  shaded ;  an  acid 
t«  most  subject  to  variation,  the  greater  fruit  on  a  north  wall  becomes.'  a  sweet 
U  is.    Although  we  know  of  many  ex-  fruit  on  a  southern  exposure  ;  celery 
eeptions  to  this  rule,  it  is  nevertheless  growing  in  ditches  developes  its  dan- 
sufficiently  constant  to  serve  as  a  guide  gerous  extractive  principle, and  becomes 
in  practice.    The  absolute  number  of  deleterious ;  but  in  a  dry  garden  it  is 
the  parts  of  flowers  and  fruits  comes  incapableof  developing  it,  and  becomes 
within  the  preceding  observations,  but  an  agreeable  salad, 
nevertheless  deserves  more  confidence        These  statements  are  purposely  con- 
than  that  of  other  organs;  it  is  rare  fined  to  points  upon  which  there  can 
for  differences  in  these  parts  to  exceed  be  no  difference  of  opinion,  and  they 
one  plus  or  minus,  and  therefore  care  serve  to  show  in  a  striking  light,  the 
should  be  taken    to  determine    their  excessive    absurdity    of  species-mon- 
number  with  precision.  We  must  more-  gers,  who  constitute  a  species  out  of 
over  be  on  our  guard  against  natural  every  trifling  variety  in  the  surface, 
adhesions    and    accidental    abortions,  form,  dimensions,  or  divisions  of  the 
which  in  certain  cases  may  mask  the  organs  of  plants ;  and  who,  by  such 
real  number.    But  number  becomes  a  a    proceedmg,    not    only    embarrass 
character  of  high   importance,  when  science  with  numberless  names,  but 
8uclichanges,insteadof  being  absolute,  introduce  the  greatest  confusion  into 
are  relative;  that  a  plant  with  four  the  distinctions  of  genuine  species.  We 
petals  and  four  stamens  should  take  will  quote  a  few  striking  examples  of 
five  petals  and  five  stamens,  is  common  this  practice.   The  genus  Salix  is  fixed 
enough  in  the  same  species ;  but  if,  pre-  by  Mr.  Borrer  at  71  British  species; 
serving  the  four  petals  it  should  change  Koch  and  Lindley  have  reduced  them  to 
the  number  of  stamens,  we  then  obtain  29;    Rubus    is   reported  to  have    21 
an  important  character,  provided  always  British  species ;  it  can  hardly  be  doubt- 
that  we  are  not  deceived  by  accidental  ed  that  they  are  all  reducible  to  8,  if 
adhesions  and  abortions."  not  to  6  genuine  species.    The  num- 
With  regard  to  Colour,  it  is  probably  ber  of  Austrian  Menthas  is  raised  to  44 
of  all  the  differences  by  which  indivi-  by  Host :   Mr.   Bentham  has   shown 
duals  are  distinguished  from  each  other,  that  they  ought  to  be  diminished  to 
the  least  important ;  and  as  a  general    10.    Rosa  was  stateil  by  Mr.  Wood  to 
rule  it  is  to  be  left  out  of  consideration,  comprehend  22  species,  mostly  distin- 
Nevertheless  there  is  one  point  of  view  guisned  by  the  single  or  double  serra- 
under  which  it  becomes  a  less  falla-  tionsoftheir  leaves,  the  density  of  their 
cious   guide.     From    some    unknown  prickles,  the  surface  of  their  fruit,  the 
cause,  the  tendency  of  particular  colours  nairiness  of  the  leaves ;  of  these  14  only 
is  to  change  in  certain  directions,  but    at  the  utmost  can  be  allowed  as  genuine. 
not  in  others ;  as  for  example,  blue  into    It  is  inconceivable  to  what  an  extent  this 
red  or  white,  but  not  into  yellow ;  and    evil  of  multiplying  species  upon  insuf- 
yellow  into  green  or  scarlet,  or  brown,    ficient  characters  has  in  modern  times 
but  not  into  blue.  (See  page  122,  &a)    been  canied.especially  among  the  third- 
When  therefore  we  have  to  compare    rate  Botanists  of  Germany.    Veronica, 
two  individuals,  much  alike  in  other     Fto/o,  Salvia,  Scabiosa,  and  almost  all 
Tespeeis*  but  the  one  with  yellow  flowers    large  geneTa,h«cs«  v^««dLVV\\^>\^>^^vt 
ana  the  other  with  Uu^  the  probability    hands«  and  noii  T^c^xivc^  Vq  \^  ^^^  «ir 
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amined  by  some  Botanist  of  sound  compressed,  its  leaves  more  wide,  its 
judgment  and  sane  mind,  in  order  to  be  flowers  more  large,  and  mixed  with 
restored  to  nn  intelligible  state.  There  blue  and  yellow  ;  Anally  it  is  a  native 
is  at  this  moment  in  a  Botanic  garden  of  a  different  country,  and  cannot  pass 
near  London  a  collection  of  Rhubarbs  the  winter  out  qf  a  greenhouse^  while 
divided  by  a  worthy  Spanish  Botanist  S.  anceps  lives  all  the  year  lonf;;  in  the 
into  filly  or  sixty  species ;  and  yet  there  open  ground.  Eucomie  punctata  re- 
is  no  evidence  to  snow  that  the  gardens  sembles  Eucomis  regiayery  much,  hot 
really  contain,  at  the  outside,  a^ve  six  it  differs  principally  in  its  leaves  being 
or  seven  genuine  species.  This  is  mere  longer,  narrower,  and  more  pointed,  in 
childishness,  or  scientific  fatuity.  its  scape  being  high^,  and  its  spike 
No  plant  can  be  considered  a  species  twice  or  thrice  ae  long^  and  terminated 
that  is  not  capable  of  being  charac-  by  much  shorter  leaves.'* 
terized  by  several  clear,  permanent.  One  fertile  cause  of  the  perplexity 
well-defifted  marks,  by  which  it  will  be  that  has  been  introduced  into  specific 
distinguished  from  all  its  neighbouring  distinctions,  has  been  the  artificiflil  erea- 
species ;  it  can  very  rarely  happen  that  tion  of  hybrid  plants  in  gardens,  and 
one  single  character  is  all  that  exists  their  natural  production  among  wild 
as  a  difference  between  two  species,  plants.  The  former  is  a  notorioiis 
To  say  that  this  plant  differs  from  that  occurrence ;  the  latter  has  been  denied 
in  having  its  leaves  rather  more  cord-  altogether;  or  admitted  in  a  few  spe- 
ate  at  the  base,  or  slightly  hairy  under-  cial  cases,  such  as  certain  Grcntians; 
neath,  'or  linear -lanceolate  instead  of  Saxifrages,  &c. ;  but  is  probably  a  veiy 
oval,  or  its  branches  many-flowered  common  circumstance.  It  has  been 
instead  of  few-flowered,  and  so  on,  is  argued  that  as  mules  are  almost  on- 
merely  to  point  out  the  existence  of  known  among  animals  in  a  state  of 
certain  differences,  and  by  no  means  to  nature,  they  should  be  eoually  rare 
show  that  such  marks  belong  to  spe-  among  plants;  and  thatin  Doth  king- 
cific  distinctions.  Theodore  Helm,  who  doms  they  only  occur  among  species  m 
is  supposed  to  be  the  expositor  of  the  a  state  of  artificial  life,  resulting  from 
systematic  views  of  Pi-ofessor  Mohs,  domestication.  But  it  seems  to  us  that 
the  celebrated  mineralogist,  has  made  this  matter  has  not  been  well  considered, 
some  good  observations  upon  this  point.  If  mules  are  rare  in  wild  animals,  that 
"If  I  have  two  straws  before  me,  of  circumstance  maybe  accounted  for  by 
which  one  is  six  inches  long  and  the  the  fact,  that  intercourse  between  ani- 
other  seven,  I  can  distinguish  them  mals  is  an  act  of  instinct,  and  that  an 
perfectly  by  that  circumstance ;  and  antipathy  to  intermixture  with  other 
two  plants  otherwise  alike,  one  with  species  may  be  supposed  to  be  im- 
six  and  the  other  with  seven  flowers,  planted  in  the  nature  of  all  animals, 
may  be  well  and  certainly  distinguish-  But  in  plants  there  is  no  such  thing  u 
ed  by  those  marks  of  number  only,  and  instinct ;  there  is  no  power  of  avoidmg 
soon.  But  let  me  (iskt  are  ihpsc natural'  one  thing  and  searching  for  another; 
history  differc7icesf{differenti(ephysi CO'  plants  cannot  travel  from  place  to  place 
historicce);  are  they  not  altogether  diS'  in  search  of  their  mates;  but  where 
tinct  from  the  principles  of  natural'  they  stand  there  must  they  perform  all 
histo^ry ;  and  do  not  they  obviously  come  the  functions  of  their  life,  communicat- 
within  the  idea  of  systematic  identity  T  ing  their  influence,  be  it  what  it  may, 
ihomogefieitas.y*  It  is  irreatly  to  be  to  all  bodies  in  their  vicinity,  and  m 
regretted,  that  we  should  so  olten  find  their  turn  receiving  the  influence  of 
length,  and  breadth,  and  size,  and  the  others.  Suppose  two  willows  of  dis- 
like, referred  to  in  the  works  of  men  of  tinct  species  standing  near  each  other, 
Science  (?),  as  afi'ording  characteristic  and  a  gust  of  wind  or  a  bee  brings  the 
distinctions  ;  it  is  still  more  to  be  regret-  pollen  of  one  to  the  stigma  of  the  other, 
ted,  that  the  length,  breadth,  and  so  on  what  is  to  hinder  that  pollen  fiom  fer- 
ofall  these  parts,  should  be  most  minute-  tilizing  the  seed  of  the  female;  or  the 
ly  and  carefully  reduced  to  inches  and  seed  thus  created  of  an  intermediate 
lines;  and  it  is  perfectly  lamentable  nature  between  its  two  parents  from 
to  find  upon  record  distinctions  such  as  falling  to  the  ground,  and  then  giving 
these.  "This  Sisyrinchium,  formerly  birth  to  an  individual  intermediate  in 
confounded  with  5.  anc6p*,  certainly  dif-  its  character  between  the  male  and 
fers  from  it  in  having  its  spathes  more  female  parents.  It  is  quite  plain,  that 
fifort  than  the  flowers*  its  stem  len  Ma  intennixture  must  inovmUy  tidM 
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place,  and  that  in  this  manner  some-  may  arrange  info  groups  called  species, 
thinf(  that  had  never  been  seen  before  accordingly  to  their  likenesses,  but  "which 
will  be  produced.  And  there  is  no  have  no  distinct  qualities,  and  that  the 
physiological  reason  whatever  why  this  supposed  limits  between  them  are  alto- 
should  not  vi'ry  otten  occur.  It  is  true  gether  arbitrary  and  imaginary.  We 
that  the  mule  being  barren  will  perish  think,  however,  that  no  necessity  exists 
as^ain  in  the  course  of  time;  but  before  for  this  violent  supposition,  and  that 
it  has  disappeared  it  has  been  gathered,  whatever  evidence  there  may  seem  to  be 
dried,  and  deposited  in  the  herbarium  ofitstruthinparticular  cases,  it  is  more 
of  a  Botanist,  or,  if  a  woody  plant,  than  outweighed  by  other  evidence, 
it  has  been  dug  up,  transferred  to  a  Take,  for  instance,  in  one  of  the  most 
garden,  multiplied  oy  cuttings,  layers,  variable  of  genera,/?o«a, — takethe  seeds 
&c.,  and  dispersed  through  the  gardens  ot  the  common  Sweetbriar,  and  sow,  as 
of  all  the  finder*s  friends,  as  a  neto  we  have  otten  witnessed,  an  acre  with 
9pceie9t  of  the  discovery  of  which  he  them.  AH  the  plants  in  that  acre  of 
claims  the  honour;  and  then  it  finds  land  will  be  l)otanically  identical  and 
its  way  into  books.  What  is  to  be  referable  to  the  same  common  form  of ' 
done  with  this  vecetable  monster  ?  R,  rubi^inosa  from  which  they  sprang, 
surely  it  ought  not  seriously  to  be  raised  Probably  not  a  single  plant  in  all  that 
tothc.rank  of  a  species ;  and  yet  we  find  acre  will  exhibit  even  a  trace  of  a  ten- 
hundreds  of  things  of  such  an  acknow-  dency  to  vary.  Look  again  at  the 
ledi^ed  origin  in  the  works  of  even  De  thousands  of  acres  of  Turnips  that  are 
Candolle  himself  (see  his  Prodromus  annually  mised  in  this  country:  who 
Kegni  Vegetabilis,  vol.  i.  page  649),  to  ever  saw  any  instance  of  the  slightest 
say  nothing  of  other  cases;  certainly  tendency  on  the  part  of  those  turnips 
nt'C  ought  not  to  do  this  unless,  indeed,  to  be  any  thing  except  the  species  Bras- 
vre  consider  the  Spanish  mule  a  species  sica  liapa,  unless  in  those  cases  where 
distinct  from  the  Horse  and  the  Ass,  the  seed  had  been  notoriously  obtained 
which  would  be  too  absurd;  we  ought  from  the  intermixture  of  the  pollen  of 
rather  to  strike  them  all  out  of  syste-  the  cabbage,  or  some  allied  species? 
matic  works,  and  to  leave  them  to  the  And  suppose  such  a  monster  to  be 
care  of  the  gardener,  or  those  others  created,  cither  it  produces  no  seed  and 
Kvho  are  interested  in  the  preservation  perishes  for  ever,  or, if  it  produces  seed, 
of  such  productions.  that  seed  being  sown,  will  produce 
It  is  however  a  very  embarrassing  plants  returning  to  the  species  B. 
subject,  this  natural  production  of  Kapa,  from  which  it  sprang.  To 
mules ;  for  there  is  no  known  means  of  deny  the  existence  of  species  then,  he- 
determining  at  first  sight  whether  a  cause  of  difiiculties  in  determining  the 
plant  is  a  mule  or  not.  Professor  Hen-  limits  that  separate  them,  is,  indepen- 
slow  found  that  a  mule  Digitalis  did  not  dently  of  all  other  considerations,  to 
exhibit  the  slightest  anatomical  organic  argue  in  the  face  of  the  plainest  evidence 
difference  from  its  parents.  There  is  of  their  real  presence.  Naturalists  are 
no  means  of  judging  with  accuracy,  much  more  worthily  employed  in  clear- 
even  if  the  observer  is  acquainted  with  ing  up  the  difficulties  that  exist  in  the 
both  its  parents  ;  and  it  is  manifest  that  way  of  distinguishing  sptcien,  than  in 
if  acquainted  with  neither,  or  only  one,  accumulating  doubtful  instances  of 
the  difficulty  is  still  further  increased,  their  transition  into  one  another ;  a 
In  some  genera,  as  Rosa,  in  which  the  most  mischievous  theory  directly  op- 
species  cross  each  other  very  readily,  nosed  to  the  general  evidence  in  both 
the  intermixture  has  been  carried  so  kingdoms  of  nature,  "  and  useless,  be- 
far,  that  intermediate  states  may  be  cause,  if  it  were  true,  we  should  be 
produced  from  the  most  stunted  state  compelled  to  act  as  if  it  were  false, 
of  Potta  tpinosissima  to  the  most  gigan-  under  penalty  of  knowing  nothing,  and 
tic  form  of  liosa  canina.  Willows,  and  to  study  the  habitual  forms  of  vegcta- 
probably  many  other  large  genera,  are  tion  just  as  we  now  do." 
in  the  same  predicament.  From  such  ^^  ith  regard  to  the  uncertainty  and 
cases  as  these,  where  no  precise  limits  difficulty  that  is  obviously  connected 
can  be  pointed  out  between  species,  with  the  discrimination  of  species,  De 
some  naturalists  have  proceeded  to  Candolle  has  some  excellent  remarks, 
aripM.  that  in  reality  species  have  no  the  substance  of  which  we  shall  borrow 
existenee»  that  the  vegetable  world  is  as  a  conclusion  to  this  d\%&\v&%\oxv.  W 
a  mere  qmi  of  individuals  wbieh  we  the  doubts  that  ot\«ii«»aX ml \.Q>XAt«^ 
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limits  of  species  were  as  common  as  at  two  plants  of  the  same  species  or  not? 
first  sight  they  seem  to  be,  they  would  Of  tnis  it  is  seldom  we  can  obtain  posi- 
not  only  throw  beginners  into  despair,  tive  evidence ;  we  must  reason  by  aoa- 
but  discourage  the  most  consummate  logy  —  we  must  take  into  account  all 
naturalists.    But  by  a  law  that  seems  the  varieties  likely  to  be  caused  by  soil, 
strange,  though  in  reality   it  is  very  climate,  and  other  external   agents,^ 
simple,  nature  has  confined  this  inde-  by  cultivation,  by  hybridity,  by  disease, 
iinite    tendency  to   variation    to  the  kc..  as  well  as  by  the  age  and  period 
most  common  species,  or  to  those  which  of  development  of  the  specimen  before 
are  most  extensively  cultivated.     For  us; — we  must  consider  whatever cir- 
what  in  fact  is  a  rare  plant  ?     It  is  a  cumstantial  evidence  we  can   deda<» 
plant  which  is  so  organised,  that  it  can  from  station,  from  abundance  of  indivi- 
only  live  in  a  particular  locality,  and  duals  resembling  each  of  the  two  speci* 
which  perishes  in  all  others ;   such  a  mens   belore   us,   or  from   any  other 
plant  is  incapable  of  assuming  different  source  we  can  get  at ;   and  from  these 
forms.    Wha\  on  the  other  hand,  is  a  data  we  must  then  form  our  judgment, 
common  plant  ?    It  is  a  ])lant  robust  This  judgment  may  indeed  be  errone- 
enough  to  exist  in  very  different  locali-  ous,even  when  pronounced  by  the  most 
ties,  and  under  very  different  circum-  experienced  Botanist   possessed  of  the 
stances,  and  which  will  therefore  put  greatest  number  of  data;    how  much 
on  many  different  forms.    Those  nrst  more  so  must  it  b^  when  a  young  Bo- 
variations,  once  estal)hshed,  may  be  mul-  tanist,   scarcely   acquainted    with  the 
ti plied  and  increased,  by  hybridizing  or  commonest  plants  of  his  own  nei^h- 
other  causes,  and  will  bvcomc  numerous  bourhood,   sits   down   with    a   scanty 
in  proportion  to  the  quantity  of  indivi-  library  in  a  botanic  garden,  and  pub- 
duals  that  may  be  created.    Cultivation  lishes  as  new  every  specimen  that  does 
isoneof  the  most  efficient  causes  of  the  not  exactly  coincide  with  the  deserip- 
production  of  varieties,  either  because  tions  of  the  plant  whose  name  he  findi 
it  multiplies  so  very  much  the  external  appended   to   his   specimens;    or  if^ 
circumstances  that  surround  a  plant,  studying  the  wild  plants  of  his  own 
or  because,  by  bringing  plants  toge-  country,  having  no  general  herbarium, 
ther,  it  increases  their  opportunities  of  and  therefore  ignorant  of  the  variooi 
muling.     But  a  rare  plant,  that  is,  one  forms  a  species  may  assume   in  other 
which  requires    a  particular    locality,  countries,  he  considers  as  specific  dis- 
cannot  be  generally  cultivated,  and  is  tinctions  any  accidental  variations  to 
thus  cut  off  from  the  great  source  of  which  a  continuation  of  the   cireum- 
variation.     These  considerations  suffice  stances    which   originally    occasioned 
to  show,  that  plants  are  liable  to  run  them  may  give,  in  his  neighbourhood, 
into  varieties  in  proportion  as  they  are  a  certain  degree  of  permanency, 
more  robust,   more  common,  or  more  "I  have  been  led  into  these  obserrt- 
cultivated ;  as  for  instance,  Lotus  comi-  tions  as  a  sort  of  answer  to  those  who 
cu/atus,  Anthyllia  vulneraria,  Pyrus  may  consider  me  presumptuous  in  set- 
communis.     They  also    explain   why  ting  up  my  opinions,  formed,  in  a  great 
certain  exotics  are  more  easily  culti-  measure,  from  dried  specimens,  against 
vated  than  some  of  our  own   native  the  observations  of  local  botanists  and 
plants,  such  as  Gentians,  Pedicularis,  directors  of  botanical  gardens,  otlen  of 
and  t  he  like.  great  merit,  who  have  studied  the  plants 
We  cannot  terminate  this  very  im-  hving.     If,  for  instance,  the  principles 
portpnt  subject  more  usefully  than  by  upon  which  M.  Host  added  '^7  Mentkte 
<luotinix  some  observati6ns  upon  species  to  the  Flora  of  Vienna  were  to  be  fol- 
by  iMr.  Bentham,  a  most  sagacious  and  lowed  throughout,  the  number  of  La- 
successful    investigator  of    their   real  biatae  now  to  be  described  would  rather 
value  in  the  order  LabiatFe(Zami<icc«),  ])e  17,000  than  1700  ;  these  17,000  de- 
upon  which  an  inconceivable  amount  scriptions  would  most  of  them,  a  hun- 
ofsystematictriflinghasbcenexpended.  dred  years  hence,  have  to  be  replaced 
"There  seems  every  reason  to  consider  by  as  many  others,  and  the  whole  would 
that  each  species  has  a  really  distinct  soon  become  a  complete  chaos.     Al- 
existence    in    nature,    as    a  group  of  ready,  many  of  the  original  plants  upon 
individuals,  varying   from  each  other  whidh  M.  Host  established  his  species, 
only  wilhin  the  limits   of  individuals  and  most  of  their  descendants,  no  longer 
descending  from  one  common  stock ;  possess  his  distinctive  characters ;  and 
^d  the  gue«tion  is  thereibre  beie,  are  \1  iVna  \M\ka  cas«  with  M.  Host,  how 
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much  more  must  it  be  with  thoie  who,  able  to  comprehend  so  vast  a  multitude 
with  all  his  national  pride  in  the  niim-  of  distinct  forms  of  vegetable  matter. 
ber  of  species  comprised  in  his  Flora,  And  indeed  it  would  soon  be  obvious 
have  none  of  his  talent,  and  carry  to  to  the  most  superiicinl  observer,  that 
10  high  a  decree  the  soiiietimfs  mer-  to  attempt  so  impossible  a  task  is  un- 
cenary  and  always  foolish  vanity  of  necessary,  for  in  many  cases,  species 
tacking  so  many  nobis  to  botanical  obviously  collect  into  small  well-defined 
names.  groups,  having  certain  common  cha- 
"  Some  genera  of  Labiatse  are  pecu-  racters  of  agreement,  notwithstanding 
liarly  liable  to  this  multiplication  of  their  respective  points  of  differences. 
species.  Very  hardy  and  abundant  in  Roses,  Heaths,  Clovers,  Cinquefoils, 
tnose  parts  of  £urope  where  the  real  Bi-ambles,  are  familiar  instances  of 
number  of  species  has  long  been  well  such  self-evident  combinations  ;  and  it 
known,  the  same  species,  growing  in  a  is  found  that  similar,  though  perhaps 
great  variety  of  situations, — in  the  dry  less  manifest  groupes  are  to  be  met 
roadside  dust  or  in  marshes,  or  even  in  with  throughout  the  vegetable  king- 
water —  in  shady  woods  and  in  open  dom,  so  that  the  whole  number  of 
commons — long  cultivated  in  gardens,  species,  large  as  it  is,  may  be  reduced 
and  carried  out  to  all  parts  of  the  world  to  7000  or  8000  such  assemblages : 
— not  only  casual  varieties,  but  more  or  these  are  genera. 
less  permanent  races,  have  been  formed  A  genus  has  been  defined  to  be  a 
in  the  Mentfuf,  Thymi,  Stachydes,  collection  of  species  which  have  in 
&c.,  whicii  it  is  impossible  with  any  common  a  striking  resemblance  in  the 
certainty  to  distinguish  from  real  totality  of  their  organs;  or  a  collection 
species ;   and  any  disposition  to  make  of   species    resembling    one   another, 

Siecies  may  readily  be  indulged  in  to  more  than  they  resemble  anything  else, 
most  any  extent.  Hvbridity,  also.  It  might  perhaps  be  better  described, 
that  great  obstacle  to  the  discrimina-  for  the  above  arc  anything  but  defini- 
tion of  species,  is  not  unfrequent  in  tions,  as.  a  collection  of  species  agree- 
Jdentha  and  Thymus,  and  probably  in  ing  in  the  numl)er,  proportion,  and 
some  other  t^enera  ;  although  in  the  general  nature  of  the  organs  of  fructi- 
greater  number  of  Lahiatse,  fecunda-  fication ;  and  then  every  genus  will  \ie 
tion  taking  place  at  the  moment  of  the  the  representation  of  some  special, 
expansion  of  the  corolla,  and  the  parts  simple  type  of  organization,  which  dif- 
of  fructification  being  more  or  less  fers  from  all  other  types;  just  as  an 
concealed,  hybridity  only  ensues  under  order  is  the  representation  of  some 
very  peculiar  circumstances.  more  compound  type  of  organization  ? 

**  Another  great  difficulty  that  occurs,        Descriptions  of  this  sort  arc  neces- 

in  long-known  variable  genera,  in  dis*  sarily  vague  and  indefinite ;  and  hence 

tinguishini;  the  species,  is  the  impossi-  a  great  uncertainty  in  what  should  be 

bility  of  judging,  from  the  numbers  seen  considered  the  true  limits  of  many  ge- 

in  herbaria,  of  the  real  proportion  in  nera,  and  an  arbitrary  mode  of  con- 

the  number  of  intermediate  forms  to  structing  them,  that  has  led  to  much 

that  of  each   of  two  common   forms  confusion.    While  some  Botanists,  as 

which  they  connect.    If  a  whole  tract  Linnaeus,  and  most  of  the  older  writers, 

of  country  be  covered  with  individuals  comprehended    under  one    name    ex- 

of  two  distinct  forms,  with  here  and  tremely  different   kinds   of  structure, 

there  some  accidental  intermediate,  it  because   of   some  common  character 

is  these  intermediates  that  the  collector  that  connected  them,  others,  on  the 

will  seiie  upon  with  avidity,  almost  contrary,  have  constructed  their  groups 

neglecting  the  normal  states,  and,  at  upon  such  trifling  distinctions,  as  to 

any  rate,  neglecting  to  record  the  fact  render  the  words  species  and   genus 

of  their  great  disproportion."  almost  identical    terms.     Both    these 

classes  of  writers  have  been  equally  in 

Chapter  III.  the  wrong. 

-.^^  J    ^  ji.    «•     •  I  Althoui?h  we  do  seem  to  recognize 

OJG^emandoJihel^ncx'plesuvon  apparently      ready  -  formed, 

wh^ch  they  should  he  constructei.  Smongst  the  vast  mass  of  vegetable 

Supposing  species  to  be  distinguished  productions,  yet  it  is  quite  certain  that 

in  the  clearest  manner,  it  would  be  im*  m  a  very  large  majority  of  esses  they 

possible  to  study  them  as  isolated  ob-  are  mere  oontT\^«^YVc««  \o  ^xv^X^  >Y^y^ 

jects;  the  human  miod  would  never  be  execute  the  fitiX.  'pto^^vi  ol  ^tsft^^iv^^ 
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by  which  the  vegetable  kingdom  is  distinct,  one-seeded,  hairy  bodies,  eadi 
systematized.  Now  the  writer  who  having  a  single  style  and  stigma,  and 
constructs  genera  upon  trifling?  charac-  all  enclosed  within  thetube  of  the  calyx, 
ters,  and  thus  reduces  genera  back  into  except  the  stigmas  which  project  De- 
species,  defeats  the  object  we  have  yond  it ;  the  fruit  is  formed  by  the  tube 
assumed  to  be  pointed  at  in  construct-  of  the  calyx  becoming  succulent,  and 
ing  such  groupes ;  they  do  not  assist  the  carpels  change  to  bony  seed-like 
us  in  the  process  of  analysis,  and  nuts  enclosed  within  it.  The  numerou 
therefore  are  objectionable.  On  the  legitimate  species  of  this  srenus  dis- 
other  hand,  the  Botanist  who  com-  agree  in  the  form  of  their  leaflets  or 
bines  ])lants  with  exti-emely  different  the  numl>er,  and  in  the  nature  of  their 
structures  under  one  generic  name,  prickles ;  some  bear  fragrant  glands 
renders  useless  the  analysis  to  which  upon  their  leaves,  others  have  their 
he  leads  us,  by  deprivinc:  his  genera  of  fruit  armed  with  stiff  bristles  ;  others 
any  definite  or  intelligible  meaning.  It  have  the  segments  of  the  call's  equal, 
is  clear  that  the  right  course  is  between  instead  of  partly  unequal ;  and  some 
these  two  extremes.  again  bear  their  flowers  singly  in  the 

De  CandoUe  maintains  the  somewhat  lx)som  of  common  leaves,  instead  of 

singular  doctrine  that  so  long  as    a  originating  from  bracts.     Here  then  is 

group  of  plants  is  looked  upon  as  a  mere  a  group  of  plants  uniform  in  the  plan 

section  of  some  other  assemblage,  it  of  organization  of  their  fructifieation, 

maybe  considered  one  genus;  but  if  but  differing  in  certain  modiflcatioBi 

it  should  turn  out  tliat    it    has  been  of  those  parti,  and  of  the  oi^gans  of 

wrongly  so  looked  upon,  and  that  it  vegetation. 

forms  a  special  assemblage  of  the  next        Rubus  has  the  general  characten  of 

higher  grade,  namel^r  an  oi-der,  it  may  Rosa,  only  its  calyx  is  not  eontraeted 

then  be  subdivided  into  a  number  of  at  the  orifice  into  a  hollow  chamber  to 

genera.   If  this  really  were  so,  it  would  contain  the  carpels,  and  never  beeoma 

render  the  limits  of  genera  much  more  succulent,  but  remains  thin  and  dry  to 

arbitrary  than  they  really  are,  which  the  last ;  its  carpels,  on  the  contrary, 

hardly  need  be.    Dut  we  think  this  have  a  succulent  coating  when  vlp^wiA 

doctrine  cannot  be    supported.    One  aie  disposed  upon  a  conical  dry  recep- 

would  say  that  if  plants  differ  essen-  tacle  that  projects    beyond   the  open 

tially  in  structure,  as  the  various  groups  mouth  of  the  c«ilyx.    Here  are  several 

of  Lichens  for  example,  they  ought  to  important  peculiarities  that  never  occur 

be  esteemed  di^Jtinct  genera,  whether  in  Rosa  ;  and  agreeing  in  such  common 

they   together   form   a  section  of  an  characters  is  again  a  large  number  of 

order,  or  an  entire  and  special  order ;  species,  some  with  simple,  some  with 

and  that  the  reason  why  IJotanists  for-  compouud   leaves  ;   some   with  herhi- 

merly  admitted  such  genera  as  Lichen,  ceous,  others  with   woody,  some  wiih 

Orchis,  Epidendrum,  Geranium,   &c.,  unarmed,  others  with   prickly  stems; 

was,'  that  they  did  not  know  of  the  some  having  their  leaves  of  one  form, 

remarkable  diversities  of  organization  others    of  another.      Rubus    then  is 

that  are  now  found  to  exist  among  essentially   distinguished    from   Rosa. 

their  species.  Now,    suppose,   what  really   happens 

Perhaps  the  best  way  to  judge  what  in  Rosa  Rapa,  that  a  plant,  olhertcise 

a  genus  really  is,  may  be  to  take  such  agreeing  in  all   respects   with   Rosa, 

notoriously  indivisible  genera,  as  Rosa,  has  a  campanulate  calyx  open  at  the 

Rubus,     Fragraria,     Potentilla,     and  orifice,  could  such  a  plant  be  separated 

Geum,  and  see  by  what  it  is  that  they  as  a  distinct  genus?     Such  an  idea 

are  so  positively  combined  that  no  one  never  has  entered  the  mind  of  any  one; 

is  now  able  to  devise  a  method  of  sub-  for  no  one  could  pretend  that  such  a 

dividing  them.  Probably  their  example  difference  could  be  of  equal  importance 

may  be  more  instructive  than  the  best  with  those  which  separate  Rubus  from 

verbal  definitions.  Rosa. 

In  Rosa  the  calyx  has  a  fleshy  tube  In  Fragaria  we  have  the  structure 
contracted  at  its  orifice,  with  five  leafy  of  Rubus,  except  that  the  calyx  con- 
segments  ;  the  corolla  consists  of  five  sists  of  two  rows  of  sepals  instead  of 
thin  coloured  petals ;  the  stamens  are  one;  the  carpels  are  dry  instead  of  sue- 
extremely  numerous,  and  arise  from  culcnt ;  and  the  receptacle  succulent 
just  without  the  contracted  orifice  of  instead  of  dry;  in  other  words,  the 
tlie  calyx;  the  carpels  ure  numerous.  poNv^i  oC  ^lectiu^  fluid  and  laceha- 
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Ltter»  which  in  Rosa  exists  in  the  calyx  a  litih  more  campanulate. 

rx,  and  in  Rubus  in  the  carpels,  the  teeth  rather  less  equal,  the  corolla 

transferred  to   the  receptacle,  rather  longer,  and  the  throat  of  the 

ftre  vei7  important  differences  calyx  a  little  more  hairy,  and  the  lower 

ed  with  vital  functions  ;    and  lip  of  the  corolla  rather  more  ])endent 

lifestly  of  a  higher  order  than  than  the  other.    Nothing  can  be  more 

ies  in   the  form,  surface,  and  trifling  or  unimportant  than  such  dis- 

of  the  leaves,  or  the  relative  tinctions.  The  two  supposed  genera  are 

»  of  different  parts,  by  which  one  and  the  same.  It  is  upon  similar  pue- 

cii's  are  distinguished.  rile  distinctions  that  the  genus  Trifolium 

Potent  ilia  is  a  Fragaria  in  all  has  been  divided  into  seven  or  eight  by 

I,  except  that  its  receptacle  is  Presl,  Erica  into  14  or  15  by  Don,  and 

)t  succulent.    Here  indeed  the  (Enotheraintol0orl2bySpach.  These 

ce  between  the  two  genera  is  are  blots  upon  the  face  of  science  by 

1  to  one  single  character  ;  but  which  she  is  disfigured  and  disguised. 

19  a  character  connected  with  In  all  such  cases  the  authors  have 
I  to  which  the  species  have  been  mistaken  trifling  superficial  characters 
!,  and  it  indicates  a  total  change  for  fundamental,  structural,  or  physio- 
nature  of  an  important  organ,  logical  ones ;  this,  although  it  may  seem 
lerous  species  are  distinguislied  a  mere  verbal  distinction,  is  in  reality 
diarities  in  the  foliage,  the  stem,  a  most  important  one. 
iflorescence,  and  in  the  external  Mischievous  however  to  science  as 
f  the  organs  of  fructification.  are  the  proceedings  of  mere  genus- 
irGeum  it  differs  from  Poten-  makers,  hardly  less  mjurious  are  those  of 
ely  in  its  styles  becoming  rigid  persons  who,  clinging  to  old  prejudices, 
ked,  instead  of  shrivelling  up  or  would  preserve  the  heterogeneous  ge- 
3ff.  This  too  is  a  single  ch a-  nera  of  our  forefathers  in  their  ancient 
3ut  what  an  important  one  it  is !  state.  Orchis,  for  example,  they  would 
le,  a  most  essential  part  of  the  keep  as  Linnaeus  left  it ;  but  the  genus 
ation,  changes  its  office  after  Orchis  of  the  great  Swedish  Naturalist 
lation,  and,  from  bein^  a  fertiliz-  comprehends  plants  with  many  differ- 
an,  becomes  a  peculiar  means  ent  contrivances  for  effecting  impregna- 
smmating  the  seeds  to  whose  tion,  and  with  whole  series  of  organs  in 
ation  it  ori£:inally  contributed,  one  species  which  do  not  exist  in  an- 
nate to  this  particular  are  other,  and  all  these  constitute  particular 
r    marked    difierences   in   the  categories  of  organization  under  each  of 

the    calyx,  the   inflorescence,  which  many  species  arrange  themselves. 

indicate  a  number  of  species  There  is  no  distinct  meaning  then  in 

b:  in  the  common  character  of  the  Linnsoan  word  Orchis,  to  which 

lened  style.  precision  has  only  been  given  in  modern 

further  illustration  of  this  sub-  days. 

few  spurious    genera  may  be  vVe  again  auote    some  practical  re- 

^eously  cited.  Take  the  modem  marks   by    Mr.    Bentham    upon  this 

srs  of  Stachys    and   Betonica,  subject.    Speakingof  the  course  he  has 

nean  genera.  taken    in  his  monograph  of  Labiatce 

ny           »♦«  ^.».^.»«  (LamiacesB),  he  says : — 

^Jl  ^^^^^  f  *  ^  T^?  "For  the    distribution    of  Labiat® 

unbbed,  with  5  somewhat  un-  j^^^               j  ^^^^  j  ^^^^  y^             ^^ 

ucronate  teet  h,  the  throat  naked  ^^^^^^  ^^  inconsistency  in  the  import- 

Bwhat  naked.     Corolla  hardly  ^^^^  j  j^^^^  attributed  to  the  characters 

ng  beyond  the  tube,  with  a  pro-  j  j^^^^  selected  on  diff"erent  occasions, 

entire,  concave  upper  hp.  and  a  ^^^^  ^^j^  appeared  to  me  unavoidable ; 

)reading  trifid  one.  ^^^^  although,  as  a  general  rule,  certain 

NIC  A.     Calyx  between  conical  characters  are  of  an  order  superior  to 

)ular,  10-ribbed,  with  5  equal  others,  yet,    in  detail,   there  are  too 

ate  teeth,  the  throat  beset  with  many  exceptions  in  nature  to  allow  a 

urs.    Corolla   with    a   slightly  graduated   scale  of  characters  to  be 

tube    projecting   beyond    the  drawn  up  with  any  exactitude.    Take 

in  ascending  upper  lip,  and  a  an  instance  from  one  of  those  of  the 

anging  3-lobed  one.  greatest  importance,  the  entire  or  four- 

b  can  be  more  slight  than  the  lobed  ovarium,  a  distinction  v«jtvvs.U^H^\Vcv 

cei  between  these  ?    One  hu  scarcely  any  e^uepNi^^x^  ^x%?i<%  ^  ^\w^ 
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between  two  very  extensive  and  natural  tribe,  section,  &c.  is  a  matter  of  mere 

families,  the  VerbenaceflB  and  Labiatse.  convenience. 

Apply  the  same  rule  to  Boraj^inese,  and  If  all  existing  plants  were  known,  and 
you  must  separate  Heliotropium  from  it  were  always  possible  to  say  to  which 
Cynoglossum,  Cynogtossum  and  Echi-  of  the  1st,  2nd,  3rd,  &c.  order  a  f^roap 
nospermum  from  AnchusaKndMyosotiit,  l>elongs,  then  it  would  be  absoluteqf 
when  a  series  of  species  might  be  necessary  to  take  care  that  the  name 
selected  from  all  these  genera  so  near  genera,  for  instance,  should  always  be 
to  one  another  in  habit  and  other  cha-  ^iven  to  groups  of  the  same  order ;  but 
racters  as  to  tempt  one  at  first  sight  to  in  the  present  state  of  the  science,  at 
consider  them  as  forming  but  one  genus,  least,  this  is  impossible.  Take^  for 
"  If  I  have,  therefore,  for  example,  on  example,  the  group  of  Nepetese,  which 
some  occasions  taken  differences  in  the  is  ve^  natural  because  a  very  marked 
calyx,  in  the  anthers,  &c.,  as  generic  one,  offering  (as  at  present  known)  no 
distinctions  (the  anthers  of  Sphacele  intermediates  with  others  in  regard  to 
andStachys,  the  calyx  of  Thymbra  and  its  essential  characters  ;  it  compiisei 
Melissa) ;  at  others,  considered  them  two  groups  distinguished  from  each 
merely  as  sectional  or  even  specific  dis-  other  by  slighter  and  more  variable 
tinotions  (the  anthers  in  Melissa,  the  characters.  One  of  these  comprehends 
bilabiate  calyx  in  Stachys  menthse-  four  of  a  still  lower  order ;  of  these  Ne- 
folia),  it  has  been  because,  in  the  one  peta  comprises  eight  groups  of  a  fourth 
case,  they  appeared  to  me  constantly  order;  and  another  (Dracocephalnm) 
accompanying  differences  in  facies  and  contains  five,  which  are  about  of  the 
other  characters,  and  at  other  times  at  same  value  as  the  eight  of  Nepeta,  but 
variance  with  them.  Besides  which,  which  might  be  distributed  into  two  or 
I  have  always  considered,  that  although  three  intermediate  groups.  It  would 
certainly  we  do  ol)serve  certain  groups  be  just  as  natural  to  consider  the  whole 
of  plants  more  nearly  allied  to  each  of  these  as  one  genus,  consisting  of  two 
other  than  to  any  others,  and  dis-  sub-genera,  seven  sections,  and  eighteen 
tinguished  from  their  several  affinities  sub-sections;  or  as  two  genera,  one 
by  a  sort  of  hiatus,  yet  even  now,  many  comprehending  two  sections,  and  the 
as  are  the  species  which  remain  to  be  other  four  sub-genera  and  sixteen  sec- 
discovered,  it  is  often  very  ditiicult  to  tions ;  or  as  I  have  done,  as  a  tribe, 
say  between  which  two  species  the  hia-  containing  two  srroups,  one  with  a 
tus  is  most  marked,  and  tne  more  plants  single  genus,  divided  into  two  sections, 
we  discover  the  more  are  these  hiatuses  the  other  with  four  genera,  two  of  which 
filled  up.  A  genus,  therefore,  has  sel-  are  subdivided  into  sections ;  or  if  each 
dom  any  existence  in  nature  as  a  posi-  of  these  sections  were  considered  as  a 
tively  (li'termined  group,  and  must  genus  —  provided  that  in  all  cases  no 
rather  be  considered  as  a  mere  contriv-  groups  be  collected  into  one  of  a  superior 
ance  for  assisting  us  in  comparing:  and  order,  that  are  not  more  like  each  other 
studying  the  enormous  multitude  of  than  to  any  other  group.  Whenever, 
species,  which,  without  arrangement,  therefore,  natural  affinities  appeared  to 
our  minds  could  not  embrace.  Hut  al-  leave  it  indifferent  which  of  two  eounes 
though  our  genera  be  not  in  nature,  yet  I  should  pursue,  I  have,  with  few  excep- 
the  nearer  we  follow  what  is  in  nature  tions, considered  as  sections  such  groups 
in  grouping  our  plants,  the  more  use-  as  are  distinguished  by  characters  of 
ful  is  our  labour.  Whenever  two  or  no  greater  importance  than  stem, 
more  species  resemble  each  other  by  foliage,  or  inflorescence ;  and  all  charac- 
all  those  characters  which  experience  ters  taken  fi-om  the  organic  structure  of 
has  shown  us  to  be  important,  they  the  parts  of  fruutificHtion  have  been 
should  form  a  group  of  the  lowest  order,  considered  as  generic." 
Where  several  groups  resemble  each  Nothing  has,  probably,  given  rise  to 
other  closely,  but  differ  in  some  charac-  so  many  heterogeneous  genera  as  the 
ter  of  an  order  rather  hiirher  than  those  famous  Linnean  axiom,  a  genus  shall 
with  which  we  separate  species,  they  furnish  its  own  character,  but  no  eenus 
form  a  group  of  a  superior  order ;  and  can  be  founded  upon  a  character  {Genus 
these  again  form  groups  of  a  third  order,  dabit  chttracterem,  sed  non  character ge- 
and  so  on,  till  we  arrive  at  the  general  nus).  That  is  to  say,  when  a  collection 
group  Plants;  but  to  which  of  these  ofsimilar  species  has  been  formed,  some 
or(\vTs  of  groups  we  give  the  name  of  common  character  by  which  they  may  be 
gefiera^  and  to  which  those  of  order,  comVm^^  \i  V&  ba  vou^ht  for;  but  a 
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peculiArity  of  structure  is  not  to  be  Rnphorbiaceons  penus  among  Kxo- 
first  selected  ami  then  the  species  col-  j^ens(?)"  (Sixus  Plantar tim,\).  A.)  We 
lecfeil  under  it.  It  was  apprehended  tblluw  on  the  same  side, 
that  the  latter  practice  would  lead  to  It  is  said  that  atler  a  g^enus  has  been 
the  formation  or  merely  artificial  genera,  made  bycolhcting  together  a  number 
and  it  was  expected  that  the  former  of  spec  es  greatly  resembling  each  other, 
would  ensure  the  generic  srroups,  bcinsr  a  character  is  to  bo  ibund  to  combine 
so  natural  thatthev  might  be  recognized  them:  that  is.  in  the  first  instance  a 
at  first  sight,  independently  of  their  E:enus  is  to  be  formed  upon  some  vague 
technical  character.  Dc  Candolle  re-  and  indefinite  notion  of  natural  resem- 
gards  this  axiom  as  the  touchstone  by  blance,  and  after  that  has  I)een  accom- 
which  the  goodness  of  genera  is  to  be  plished,  a  positive  combining  character 
estimated.  "  It  is  by  it  thsit  we  ar%  is  to  be  discovered.  But  we  would  ask 
principally  able  to  determine  what  are  what  is  meant  by  a  natural  assemblage, 
the  really  essential  characters  of  each  or  by  strong  botanical  resemblances? 
natural  order ;  for  instance,  the  calyxes  unless  a  strict  correspondence  in  or- 
of  the  larger  species  of  Gentian  po<<scss  gani.zation ;  and  what  can  so  stronurly 
strongly  marked  differenci's  which  indicate  that,  as  conformity  in  funda- 
would  readily  seem  to  form  several  mental  points  of  structure,  or,  in  otlier 
crincra;  but  the  extreme  resemblance  words,  in  important  characters?  Bo- 
of  these  plants  one  to  the  other  obliges  tanical  resemblances  de])end  then  for 
us  to  leave  them  united,  and  proves  their  very  existence  upon  what  Linnsus 
that  the  form  of  the  calyx  is  of  no  im-  called  a  character,  and  therefore  it  s^ems 
portance  in  their  order."  Throne  He-  to  us  that  his  proposition  should  be 
mentaire,  ed.  2,  p.  220.)  Helm  Iihs  sus-  reversed,  and  that  we  ought  to  say  that 
tained  the  proposition  metaphysically,  rharacters  form  the  genut,  and  not  the 
considering  it  ofthe  utmost  importance,  genu*  the  characters.  If  we  are  to 
and  the  very  foundation  of  scientific  trust  to  vague  external  resemblances 
knowledge.  {Dissertatio  tt'i  Methodo  for  forming  a  preliminary  idea  of  a 
pkyxico-historicii,  p.  78.)  And  to  this  genus,  all  scientific  precision  is  aban- 
we  must  add  the  authority  of  Fries,  doned.  A  common  oI)server  sees  a 
"In  the  formation  ofsections  and  genera  great  and  closn  similarity  between  an 
it  is  most  especially  necessary  to  i)eware  Ash  Tree,  a  Walnut  Tree,  and  a 
that  they  do  not  depend  upon  charac-  Sumach  Tree,  or  between  a  Hazel 
ters  alone;  so  that  if  the  character  Bush  (Cor^/u^),  a  Witch  Hazel  (//uTTia- 
should  hereafter  prove  defective,  the  melts),  and  many  Grewins  ;  but  in 
section  or  the  genus  may  still  remain  reality  these  plants,  however  natural 
unchanged.  In  this  lies  the  difference  their  grouping  may  seem  to  be,  have 
between  an  artificial  and  natural  ar-  no  botanical  affinity,  but  merely  cor- 
rangement;  the  former  dependinir  upon  respond  in  certain  unimportant  super* 
characters,  the  latter  upon  affiinity.  ficial  particulars.  On  the  other  hand. 
Hence  Linnaeus  did  not  characterise  his  a  common  observer  can  see  no  great  re- 
families  of  plants,  nor  Ehrenberg  those  semblance  between  the  common  Euro- 
of  Fungi,  rightly  perceiving  that  affinity  pean  Nettle  and  many  of  the  arbores- 
is  of  the  first  importance,  characters  of  cent  Nettles  ofthe  Tropics,  and  he  would 
secondary/*  Syst.  Mycol. —  Professor  never  dream  of  their  forming  a  natural 
Lindley  has  however  objected  to  it,  and  genus;  and  yet  they  really  correspond 
we  think  with  reason.  ••Whether  or  in  every  one  of  the  essential  characters 
not,'*  he  says.  **  this  proposition  is  of  their  organization.  Let  no  one  take 
to  be  admitted,  depends  entirely  upon  alarm  at  this  heresy;  for  if  important 
the  nature  of  the  character  employed ;  characters  are  made  the  basis  of  generic 
for  ifthe  character  is  one  of  fundamental  distinctions,  no  unnatural  or  hcteroge- 
im portance,  it  is  absolute,  and  that  neous  assemblages  can  be  the  result ; 
which  defines  the  group ;  but  if  it  is  the  necessary  and  inevitable  conse- 
un  import  ant,  it  is  unfit  for  any  sectional  quence  of  employing  important  struc- 
purpose  and  ought  to  be  rejected.  For  turalcbaractei's,*//rfc/)/'7if/f»A?/o/'«//oM^T 
instance,  to  have  their  trunk  growing  Cfmneideration^,  is  the  collection  into 
in  the  centre  is  the  character  of  Endo-  genera  of  species  reseniblinir  each  other 
gens ;  and  who  would  think  of  remov-  more  than  they  resemble  any  thiui;  else. 
ing  from  those  plants  Smilax  or  Dios-  This  is  proved  in  the  clcai-est  manner 
corea,  because  tne  appearance  of  the  by  the  genera  so  cowsVtvvv^V^ClN^^  ^xqh^w^ 
latter  is  that  of  Meaispermum,  or  some  De  Candolle,  »tiOl  QVVuct«>  \^^  \\v^«A. 
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modern  authorities  we  have.     Brown    the  limits  of  genera,  and  the  principlei 
has  divided  his  New  Holland  Epacri-    upon  which  alone  they  ought  to  be  con- 
dacesc,  Orchidaccee,  Cyperaces,  Myo-    structcd,  there  must  still  be  someth':n|( 
pK)raceae ;  De  Candolle  his  Hrassicacese,    in  those  principles  vague  and  undefined, 
Apiacese,  Cinchonaceae,  and    Compo-    and  which  must  be  left  to  the  judgment 
site  entirely  according  to  their  struc-    of  the  systematic  botanist;   and  there- 
tural  characters,  and  not  according  to    fore  exi>ediency  may  occasionally  be 
the  general  appearance  of  the  species;    consulted  in  doubtful  cases.     There  is 
but  the  latter  coincides  with  the  former    very  great  inconvenience  in  chanjj^ng 
as  we  have  asserted  that  it  would ;  and    the  names  of  large  numbers  of  species, 
we  attribute  the  great  and  universally    as  must  be  done  in  extensive  alteratioiis 
acknowledged   excellence   of  Brown'^s    of  old  and  long  established  genera ;  for 
gi  neric  characters  to  his  having  virtu-    Sample,  the  spurious  trenera  created 
ally  abandoned  the  Linnean  axiom  now    by  one    Spach  in  a  silly  scheme  for 
in  discussion.    And  so  have  and  must    remodelIingthegenusG£nothera,wouid 
all  writers  who  would  lay  any  claim  to    cause  for  that  one  genus  the  abolish- 
precision.    When  the  Linnean  method    ment  of  49  names  and  the  creation  of 
IS  adopted,  the  consequences  are  of  the    63    others.     Proceedings    of   such  a 
folio wmg  nature :  A  plant  is  discovered    kind  increase  extremely  the  necessarily 
which  is  in  reality  organically  distinct    very  considerable  difficulties  connvcted 
from  all  known  genera ;  but  it  has  some    with  so  intricate  a  branch  of  science  as 
resemblance  in  structure  to  a  known    systematic  botany,  and  there  fore  sliould 
genus,  and  it  looks  a  good  deal  like  it ;    be  taken  with  great  caution  and  only  in 
the  botanist  who  follows  up  the  maxim    cases  where  they  cannot  be  avoided: 
of  Linnaeus  stations  the  plant  in  that    for  so  long  as  such  a  word  as  CEnothera 
genus,  although  it  is  essentially  at  vari-    has  a  precise  value,  there  is  no  incon- 
ance  with  the  character  of  the  genus;    venience  in  employing  it,  even  althoui^h 
and  at  the  same  time  gives  it  a  name    it    should   appear   that  a    possibility 
which  does  not  belong  to  it.    This  is    exists  of  making  it  something  more 
as  if,  in  society,  a  person  were  to  call  his    precise;    while  there  is  the  greatest 
son  John  Brown,  because  he  resembled    practical  inconvenience  in  admitting  so 
an    acquaintance    whose    name    was    many  changes  in  nomencUture  as  its 
Brown,  although  his  own  name  was    subdivision    would    render    necessary. 
John  Green ;    in  such  a  ca«<e  no  one    But  when  we  find  a  man  introducing 
could  discover  that  John   Brown  be-    confusion  by  cutting  up  a  well  defined 
lonQ:ed  to  the  faniily  of  John  Green.    homoi;eneous  and  long  established  ge- 
Here  the  absurdity  is  obvious,  and  yet    nus.  because  in  some  species  tlie  setds 
it  is  not  seen  when  applied  to  Natural    have  a  thicker  skin  than  in  others; 
History;   or  we  should  not  have  in  the    because   the    seed-vessel    is    in    some 
writings  of  botanists  such  passages  as    narrow  and  in  others  broad,   in  some 
the    following    upon    the    occasion  of    tonuh,  and  in  others  tender;    in  some 
placing  a  plant  in  a  genus  with  whose    4-ribbi.'d,  in  others    8-ribbetl.    and  in 
character  it  does  not  correspond.     "I    others  l-J-nbbed;  when  we  find  a  man 
refer  this  plant  to  the  genus  Eumorpha,    acting  thus  —  we  may,  without  much 
in  consequence  of  its  great  resemblance    risk  of  error,  set  him  down  as  a  verbal 
in  habit  to  Eumorpha  patens  and  gran-    trifler,  of  unsound  judgment,  with  no 
diflora;  it  must  be  confessed,  however,    general  views,  and  who  is  incapable  of 
that  its  fructification  is  far  from  corre-    perceiving  the  distinction  between  fun- 
sponding  with  that  of  the  genus  in    damental    diffei-ences   of   organization 
question."   That  is  to  say,  it  is  referred    and    slight  modifications   ol    one  and 
to  the  genus,  although  it  docs  not  be-    the  same  type  of  structure. 
lontr  to  it.  In  order  to  ensure  some  uniformifv 

While  we  thus  contend  against  the  in  the  construction  of  genera,  it  is  usual 
principle  of  combining  dissimilar  things  that  whatever  in  any  one  natuial  order 
bccHUsc  of  some  vague  common  point  of  is  taken  as  a  generic  character  for  one 
agreement,  we  would  nevertheless  cau-  genus,  should  be  also  taken  for  all  other 
tion  the  student  against  embarrassing  genera  in  the  same  order;  as  for  ex- 
the  science  by  a  display  of  his  ingenuity  ample,  when  in  Orchidacea?  the  num- 
in  detecting  little  characters  by  which  ber  of  pollen  masses  is  within  certain 
it  is  i)ossiblc  to  break  up  old  and  long  limits  taken  as  a  distinctive  mark  of 
recognized  genera  into  smaller  groups,  certain  genera,  similar  difiTerences  in 
Mter  all  {hat  can  be  said  concemiag   number  in  the  same  oigan  should  be 
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looked  upon  as  absolute  in  all  other  three  stamens,  in  the  first  of  those 
^nera  of  the  same  order.  In  the\«'ords  genera,  and  of  five  in  the  second.  The 
of  De  Candolle,  '*  whenever  a  paiticular  leaves  are  always  alternate  in  the  Lark- 
character  has  been  employed  to  sepa-  spur  and  the  Paeony,  but  the  number 
rate  a  certain  number  of  genera,  it  of  their  ovaries  is  variable.  The  corolla 
ought  to  preserve  the  same  importance  is  both  absent  and  present  in  Ashes 
in  all  similar  cases,  that  is  to  say.  it  and  Maples,  but  those  trees  have  uni- 
must,  according  to  circumstances,  either  versally  opposite  leaves."  These  in- 
unite  genera  separated  by  a  single  cha-  stances,  which  might  readily  be  in- 
racter,  or  separate  species  from  genera  creased,  suffice  to  show  tliat  several 
to  which  they  would  have  been  referred  characters  in  the  fructification  are  some- 
ir  it  had  not  been  for  that  character;  times  of  less  importance  than  others 
thus  in  Compositse,  botanists  are  agreed  which  are  independent  of  it. 
in  admitting  a  setaceous  or  a  feathery  With  regard  to  the  value  that  is  as- 
pappus  as  absolute  di.stinction^  of  cer-  signable  to  tlie  different  peculiarities 
tain  genera :  those  modern  writers  have  by  which  genera  are  to  be  characterized, 
consequently  been  right  who  have  this  depends  so  very  much  upon  cir- 
broken  up  certain  genera  of  Compositae  cumstances,  that  it  is  rather  a  matter 
in  which  species  with  both  setaceous  to  be  determined  by  experience  than 
and  feathery  pappus  had  been  heaped  regulated  by  certain  laws.  Neverthe- 
together."  To  the  justice  of  this  doc-  less  the  following  rules  are  deserving 
trine  we  cannot  but  assent;  for  it  is  of  serious  consideration : — 
the  only  certain  means  of  renderinsf  1.  A  character  is  impoitant  in  pro- 
generic  distinctions  consistent  and  of  portion  as  it  is  connected  with  modifi- 
the  same  value  in  the  same  natural  cations  of  function. 
order.  It  must,  however,  be  observed  2.  A  character  is  unimportant  in 
that  in  proportion  as  this  doctrine  is  proportion  as  it  is  connected  with  modi- 
absolute]y  pressed  upon  the  botanist,  fications  of  texture,  proportion,  num- 
does  it  become  requisite  to  ascertain  ber  not  in  extremes,  form,  and  the  like. 
that  the  distinctions  thus  taken  as  3.  Excellent  distinctions  are  those 
peremptory  indications  of  genera  are  connected  with  numerical  proportion, 
unquestionably  important,  otherwise  absence  or  presence  of  certain  classes 
false  genera  without  end  will  be  of  organs,  relative  position,  decided 
created.  For  instance,  what  number-  differences  in  the  degree  of  adhesion  of 
less  genera  of  Cruciferse,  Umbelliferse,  organs,  regularity  and  irreg:ularity,  high 
and  Compositae  will  have  to  be  sup-  developement  or  low  devclopcment,  ten- 
pressed,  if  it  should  ever  be  discovered  dency  to  loss  of  parts,  and  so  on. 
that  the  characters  of  the  embryo,  4.*' Characters  arc  not  to  be  estimated 
the  vitta;,  the  albumen,  or  the  double  as  so  many  units,  but  each  according 
pappus  of  those  orxlers  respectively,  to  its  relative  value ;  so  that  one  single 
are  of  less  value  than  they  are  now  constant  character  may  be  equivalent 
estimated  at !  or  even  superior  to  several  inconstant 

When    genera    were  first  put  into  ones  taken  \oge\her  ^'—Jussieu. 
their  modem  form  by  Tournefort,  that        Tried  by  rules  of  this  sort,  not  a  few 

botanist  drew  their  characters  partly  long-established  Linnsean  genera  may 

from  the  fructification  and  partly  from  be  found  wanting,  as  in  Silenaceae  and 

the  organs  of  vegetation.  Lmnscus,  on  perhaps  Malvaceae;   but  this  will,  we 

the  contrary,  repudiated  the  latter  as  think,  in  the  eyes  of  botanists,  rather 

uncertain,  and  insisted  upon  the  neces-  attest  the  goodness  than  show  the  in- 

sity  of  attending  exclusively  to  differ-  validity  of  such  principles. 
ences  in  the  parts  of  fructification ;  and 

his  example  has  been  very  generally  Chapter  IV. 

imitated.    Nevertheless,  this  rule  may  Qf  Orders ;  Alliances ;  Groups ;  or  other 

Ve    followed    too   ngorously    for,    as  \y^iemaiic  Combinations  subordinate 
Jussieu  has  truly  remarked,     it  is  not        ^J  classes 
always  conformable  to  nature,  which 

not  unfrequently  places  certain  charac-  It  has  already  been  said,  that  while  a 

ters  in  the  stems  or  leaves  above  others  genus  may  be  understood  as  the  reprc- 

taken  from  the  stamens,  or  the  pistil,  or  sentation  of  some  special  simple  type 

the  floral  envelopes.  Thus,  the  character  of  organization,  an  order  is  the  repre- 

of  opposite  leaves  is  more  constant  in  sentation  of  a  more  com\fQwxvv\.  Vj>^^  ^\ 

Valerian  and  Gentian  than  that  of  the  organizatioii  \o  x>i\)ic;\i  Vtift  ^^xwws  \^  v:^:^- 
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ordinate.     In  reality,  orders,  groups,  lately  kept  in  Saxifragaeesi  and  so 

alliances,  or  by  whatever  names  such  as-  many  others. 

semblages  are  called,  are  combinations 

the  one  of  the  other,  formed  upon  the  Chapteb  Y 

Tc^sS^len^r"^^^^  ^•^^'""*^- ^"^^^Kt/.^ 
importance.  As  there  are  genera  which.  '^^^^^  «P^  «^*»^  '^^  are/aunded. 
like  Rosa,  Quercus,  and  Rubus,  seem  Classes  are  the  fundamental  diyisioni 
actually  to  be  formed  by  nature  herself,  of  the  vegetable  kingdom,  representing 
although  others  are  confessedly  artificial  the  largest  aggregations  of  species,  and 
assemblages,  so  are  there  orders  like  expressing  the  most  essential  combining 
Galiaceae,  Apiacese,  Brassicacese,  and  characters  which  they  possess.  They 
flJliances  like  EchiaJes,  Chenopodales,  are  by  many  considered  merely  as  a 
and  LamiacesB,  and  groups  like  Labiosee,  higher  order  of  division,  and  analogoas 
Aggregosse,  and  Glumoss,  which  bear  to  orders,  alliances,  groups,  and  so  on. 
a  similar  imjiress  of  original  separation  While,  however,  the  latter  are  indis- 
from  the  others  that  surround  them,  putably  mere  artificial  groups  of  ^natu- 
Nevertheless  we  are  only  justified  in  rally  related  genera,  it  seems  pro- 
considering  all  such  combmalions  as  bable  that  classes  have  some  real 
assemblages  of  genera,  orders,  or  alii-  existence  in  the  original  plan  of  nature, 
ances  which  resemble  each  other  more  As  in  animals,  the  ^reat  classes  of 
than  they  resemble  any  thing  else.  Quadrupeds,  Birds,  Fishes,  Reptiles, 
Such  words  as  genera,  orders,  alii-  and  Insects,  stand  like  isolated  groujHk 
ances,  groups,  &c.,  are  then  conven-  which  might  almost  be  considered  m- 
tional  terms,  having  the  same  general  dependent  kingdoms ;  so  do  Imogens, 
meaning,  and  difi'cring  only  in  degree,  Gymnosperms,  Endogens,   Rhiianths, 

i'ust  as  villages,    hundreds,    counties,  and  Acrogens,  each  also  appear  to  be 
[ingdoms,  and  empires,  or  any  such  created  by  nature  as  altogether  inde- 
relative  expressions.    So  true  is  this,  pendent  forms  of  organized  matter, 
that  many  of  them  have  been  genera        The  distinctions  of  groups  like  these 
in  the  eyes  of  former  systematists;  in-  are  not  confined  to  mere  variations  in 
stances  of  this  are  Fuuf^i,  Ferns,  Palms,  certain  types  of  organization,  as  is  the 
Grasses,  Lichens,  Mosses,  &c.  case  with  the  assemblages  subordinate 
In  the  construction  of  these  groups,  to  them;  but  they  are  founded  upon 
the  great  point  is  to  keep  steadily  in  corresponding  differences  in  the  man- 
view  the  necessity  of  preserving  a  strict  ner  of  growth,  of  propagation,  ofcir- 
conformity  in  the    essential    parts  of  eulatint;  the  fiuids,  of  reproduction,  and 
fructification,  and  not  to  confound  mere  even  of  elementary  anatomical  struc- 
instances    of   analocous    or^ianization  ture  ;  in  short  they  depend  upon  pecu- 
with  real  affinity.     Affinity  is  indicated  liaritics    connected  with    their  whole 
by  an  accordance  in  all  points  of  struc-  nature,  and  not  with  mere  modifications 
ture,  except  such  as  arc  taken  as  dis-  of  pai-ticular  parts, 
criminative  of  genera;  analoijy  consists        If  this  distinction  is  a  just  one,  we 
in  an  accordance  bttweeu  one  or  two  think  it  can  hardly  be  doubted  that  the 
parts  only.    If  this  is  not  attended  to,  great  fundamental  divisions  of  the  vece- 
errors  without  end  are  the  inevitable  table  kingdom  are  altogether  of  another 
result.    Thus  when  Professor  Don  al-  nature  from  the  subordinate  ones  ;  and 
lowed  himself  to  be  deceived  by  some  that  while  the  latter  are  necessarily  to  a 
analogies  between  Menodora  and  Colu-  certain  extent  artificial,  the  former  are 
mellia,    he    committed    the    error    of  literally  natural,  and  a  part  of  the  ori- 
uniting  in  one  order  a  plant  which  in  gmal  plan  of  the  creation.  This  pei haps 
reality  belongs   to   Jasminacea),    and  may  be  made  clearer  by  a  comparison. 
another  that  comprehends    a  special  The  c/cw*  of  Exogens  is 
and  peculiar  type  of  its  own  :  and  most  1.  Constructed  with  both  spiral  vessels 
of  the  cases  of  errors  about  the  natural        and  cellular  substance, 
orders  to  which  i)hints  belong,  are  refer-  2.  Furnished  with  sexes. 
abletothesamecause;witnessCul>can.  3.  Grows  by  augmentation  of  the  dia- 
dra,  a  leguminous  genus  placed  in  Cap-        meter  of  the  axis, 
paridaceae;  the  curious  genus  Moringa,  4.  Piopagated  by  seeds, 
once  referred  to  Leguminosaj;Lutkea,  a  5.  Germinates  trom  two  definite  points 
Rosaceous  genus  stationed  in  Saxifraga-        of  its  embr\  o. 
ceae ;  Adoxa,  an  Araliaceous  genus,  till          The  ciais  of  Acrogens  is 
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I.   C<mstract«d  of  cellular  substance  Chaptbb  VI. 

2  "SuTi'K^^^^^^^     ''"'^''  Q^  ^^  Transiiions  thai  are  observable 

I:  K  JithlrauVentation  of  the        Jfl^I^.l^f zf  fSr"^'^''  *" 
diameter  of  the  axil  ^  Vegetable  Kingdom. 

4.  Propati^ated  by  spores.  That  there  is  no  such  thing  in  nature 

5.  Germinates    indefinitely  fVom   any  u  an  abrupt  transition  (saltus)  from 
part  of  the  surface  of  the  embryo.  one  thing  to  another,  has  long  been  a 

Every  one  of  these  five  peculiarities  is  favourite  speculation  with  philosophers, 

connected  with  the  habits  of  life,  man-  and  has  not  failed  to  be  applied  to 

ner  of  growth,  or  power  of  multiplica-  natural  history.    Ray,  in  the  preface  to 

tion,  that  the  plants  in  these  two  classes  his  "Historia   Plantarum,*'   remarks, 

severally  possess.    Contrast  with  these  that  "  as  nature  never  passes  from  one 

the  distinctions  between  two  of  each  extreme  to  another,  except  by  some- 

of  the  assemblages  of  different  degrees,  thing  between  the  two,  so  she  is  accus- 

subordinate  to  the  classes  and  above  tomed  to  produce  creations  of  an  inter- 

the  genera.  mediate  and  doubtful  condition,  which 

._,.,,  _,         .    ,        ^  partake  of  both  extremes,  and  so  com- 

A.  The  *u6^/a**      The  sub-class  of  pietdy  connect  them,  as  to  render  it 

of     Monopetalous  Polypetalous  Exo-  altogether   uncertain   to  which   they 

Exwns  has  genshas  most  betong/- 

l.The  petalscom-    1.  The  petals  dis-       xhis  truth  could  hardly  be  appreci- 

bined  into  a  tube,    tinct     from    each  ated  by  the  naturalist  who  was  conver- 

^*"^'''  sant  only  with  the  natural  productions 

Ep.gynos«  of  Poly-  to«e  of  Polypeta-  |*  «£  a  plJwn?  bLa^u^'^f 'ffi  U 

Mtalous    Exogens  lous  Exogens  has  /„„,d  obviously  go  to  the  innihilation 

f*^  •  r    •         ,    rk  of  all  definitions  in  natural  history ;  for 

1.  Ovary  infenor,  1.  Ovary  suoenor.  jj  object  is  admitted  to  p  Js  into 
with  either  parietal  with  panetal  pla-  ^^^  Jt^er  object  by  an  insensible  gra- 
Ofcentral placentae,  centg  only.  j^ti„„^  it  ^^J^  ^e  necessary  to  admit 

r^    mu       »•  rnu     17*        ikfl-  also  that  no  real  limits  are  to  be  found 

C.  The  allt^ce  Thea/Zicmo^Myr.  y^^v^^^  one  thing  and  another,  and 
Onagrales  of  Epi-  tales  of  Epigynous  ^^at  absolute  distinctions  can  have  no 
pnous      Exogens  Exogens  has  existence. 

f*Aiwi-       -^     i*    .    rr>i.  L      e       But  SO  many  evidences  of  the  truth 

r  '31  *^^  parts  of    J.  The    parts  of  ^^  ^y^^  ^j,        ^^  daUy  forcing  them- 

fructification  sym-  fructification     un-  g^j^^,  upon  the  mind  of  a  naturalist 

metrically  disposed  symmetncal.  ^^  whom  all  the  varied  forms  of  species 

upon  a  binary  type^ i„  different  climates  are  submitted  for 

"Tk     rni-  J         rnu       ^     A1  examination,  and  who  finds  it,  in  a  mul- 

D.  The  order  The  or(fer  Alan-  tit ude  of  cases,  so  utterly  impossible  to 
Combretaceae  has     giace»  has  f^ame  any  verbal  or  ideal  deRnitions 

1.    Petals   short    1.    Petals     long,  ^o  which  there  shall  be  no  exception, 

and  roundish.  linear.  that  he  is  constrained  to  recognize  the 

2.  Antliers  versa-  2.  Anthers  ad-  doctrine  of  transition,  at  whatever  in- 
*"®'    .,                ,     nate.  convenience  to  the  study  of  the  science; 

3.  Albumen  ab-  3.  Albumen  ^^^  however  applyini?  it  to  species,  for 
^    A  ^  1   ,               fleshy.  amonuthem,as  has  already  been  shown, 

4.  Cotyledons  con-  4.  Cotyledons  flat,  apparent  transitions  are  chiefly  acci- 
volute.  dental,  but  confining  it  to  each  and 

We  have  been  constrained  to  take  every  combination  above  species,  and 

these  cases  from  Professor  Lindley*8  inferior  to  classes.    This  is  so  true, 

Natural  System,  becaune  no  other  Eng-  that  Linnaeus  is  recorded  to  have  con- 

lish  botanical   writer  has  attempted,  fessed  to  one  of  his   friends  that  he 

upon  any  fixed  plan,  to  depart  from  the  could  not  tell  what  constituted  a  genus ; 

artificial  sulnlivisions  of  Jussieu  and  and  Jussieu,  in  the  preface  to  his  **  Ge- 

De  Candolle.    Such  examples  are,  we  nera  Plantarum,"  declares  that,  a^  to  a 

presume,  sufficient  to  show  that  there  genus,  there  can  be  no  certain  definition 

IS  an  essential  difference  between  the  of  such  a  thing,  not  axv^  %&<^>\t^^^\t^'* 

daasta  and  other  diTif  ioni  of  the  vege-  tiont  f^^en  tot  \\i«  QoiSL<sXtNi^NA^ti  ^1  >X\&^ 
table  world.  '^^ 
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the  natural  syfttem,  because  species  are  but  the  precise  nature  of  which  is  inca- 
coUected  together  by  ilieir  affinity  in  pable  of  definition.  Generic  and  ordinal 
so  imperceptible  a  web,  that  the  only  characters  are  in  this  view  mere  ex- 
meaning  tnat  is  to  be  attached  to  a  pressions  of  certain  ideas  connected 
natural  genus  is,  that  it  keeps  together  with  structure;  and  plants  win  corre- 
(prevents  the  separation  oD  species  spond  with  those  ideas  more  or  less  in 
naturally  related  to  each  other,  and  proportion  as  they  approach  the  typical 
does  not  interrupt  the  order  of  their  form  in  their  organization.  This  view, 
arrangement.  which  has  been  taken  by  Professor 
A  few  common  instances  will  illus-  Lindley  in  his  *'  Nixns  rlantarmn,** 
irate  this.  A  strawberry  is  apparently  and  subsequent  systematic  vrorks,  is 
a  very  different  genus  from  a  Cinque-  founded  upon  the  theory  well  explained 
foil ;  yet  if  a  species  occurs  with  all  the  by  Fries,  that  our  conceptions  of  the 
characters  of  Fragaria,  but  without  nature  of  genera,  orders,  and  similar 
the  succulence  of  its  receptacle,  such  a  collections  of  species,  are  most  correctly 
species  becomes  a  Cinc^uefoil ;  this  expressed  by  a  sphere,  the  centre  A 
happens  in  Fragaria  sterilis,  now  called  which  represents  typical  organisation, 
Potentilla  Fragaria.  Amygdaleous  with  rays  (or  deviations)  proceeding 
plants  are  distinguished  from  Pomese  from  it  on  every  side. 
by  their  solitary  carpels  and  hydrocy-  "  Let  us  imagine,**  he  says,  "all 
anic  acid ;  but  some  varieties  of  Prunus  nature  to  l)e  an  immense  sphere,  with 
have  several  carpels,  and  Cotoneaster  rays  converging  in  the  centre^  where 
microphylla,  a  Pomeous  plant,  has  hy-  they  finally  become  confluent  in  a  point, 
drocyanic  acid ;  in  these  instances  there  which  may  be  called  the  point  of  tint- 
is  a  double  transition.  Nothing  can  tity.  This  point  comprehends  the  pcr- 
well  be  more  dissimilar  than  a  Bean  fection  of  all  the  rays ;  for  that  the  most 
and  an  Almond  tree,  and  both  are  types  perfect  and  most  completely  formed 
ofoertain natural  groups: but Fabaces,  creations,  as  the  sun,  are  always  situ- 
to  which  the  Bean  belongs,  exhibit  so  ated  in  the  centre,  is  testified  by  all 
many  gradations  of  structure,  that  at  authority,  by  all  experience.  The  powers 
last  they  pass  into  a  plant  called  Deta-  of  nature,  diverging  from  each  centre  in 
rium,  which  has  the  drupaceous  fruit  polar  opposition,  are  continually  pass- 
ami  icosandrous  stamens  of  Amyg-  ing  into  opposite  series.  A  new  sphere 
daleae;  so  that  if  an  Amygdaleous  is  formed  by  each  opposition,  whence 
plant  should  be  discovered  with  pin-  the  highest  (most  perfect)  sphere  is 
nated  leaves,  there  would  no  longer  be  again  and  again  resolved  into  new 
a  positive  distinction  between  tliat  splieres,  which  form  wholes  of  them- 
group  and  Fabaceae.  In  Lamiaceae,  the  selves,  and  each  of  which,  according  as 
ovary  is  deeply  divided  into  four  lobes ;  its  power  is  a  more  or  less  perfect  evo- 
in  Verbenaceae  it  is  undivided.  This,  if  lution,  in  itself  represents  the  whole  in 
permanent,  would  positively  distinguish  a  more  or  less  distinct  degree.  The 
two  natural  groups  in  most  respects  centres  of  these  spheres  may  be  exceed- 
much  alike ;  and  it  really  does  form  the  ingly  distant  from  each  other,  but  their 
only  structural  difference  between  rays  always  impinge  upon  the  rays  of 
them;  but  in  Verbena  itself  the  ovary  some  other  sphere :  hence  those  which 
is  slightly  lobed ;  Chloanthes,  a  Verbe-  run  into  each  other  are  not  the  most 
naceous  genus,  has  the  habit  of  Lami-  perfect  forms  {mmma)  of  each  section, 
aceae,  and  Hoslundia,  a  Lamiaceous  but  the  least  perfect  {infima),^* 
genus,  has  the  habit  of  Verbenaceae.  The  imaginary  points  where  the  sup- 
To  cases  of  this  sort  there  is  in  fact  posed  rays  cross  each  other  are  the 
no  end.  On  this  account  some  bota-  stations  oft  ransitions  of  whatever  kind; 
nists  have  conie  to  the  conclusion  that  and  supposing  the  spherical  theory  to 
in  characterizing  the  groups  between  be  admissible,  transition  cases  must 
the  highest  (classes)  and  the  lowest  necessarily  exist  in  all  directions, 
assemblages  (species),  it  is  better  to  This  speculation  is  at  variance  with 
give  up  all  attempts  at  definition,  and  a  more  common  one,  that  all  organic 
to  substitute  brief  descriptions  of  the  beings  are  created  in  an  ascending  or  de- 
prevalent  or  typical  characters,  con-  scending  series  of  developement ;  that, 
sidering  all  the  minor  groups  as  mere  forinstance.starting  from  man,  the  most 
tendencies  {nixus)  towards  this  or  that  perfect  of  all  animals,  an  uninterrupted 
form  of  or^nization,  the  general  nature  series  of  forms  will  be  discovered  down 
of  which  13  susceptible  of  deacriplvon,  Vo  mftt^  TEORxcnioio^ia  aoimaicules ;  or 


BOTANY.  149 

that  between  a  forest  tree  and  vesicular  Chaptib  VII. 

confervae  there  exists  an  uninterrupted     n>.  .•        ,     ^     .  .   .     « 

chain  of  bfin^s.  connecting  the  one  Of  the  value  to  he  assi^ed  %n  Syste- 
with  theother  by  insensible  transitions.  "^""^ll  Botany  to  the  characters  used 
Bats,  it  has  been  said,  form  the  tran-  '/J  ''^^  constmction  of  the  assem^ 
sition  from  mammalia  to  birds,  web-  *'T*  t?itermedtate  between  classes 
footed  birds  pass  to  reptiles,  sponges        ^^^  ^ecies. 

combine  polypes  with  vegetables,  and  Ij  will  probably  conduce  to  the  prac- 
the  theory  has  been  pushed  so  far  as  to  tical  application  of  the  principles 
assert,  that  the  diamond  forms  the  pas-  hitherto  explained,  if  some  statement 
sage  from  the  vegetable  to  the  mineral  is  made  of  the  general  value  of  the  cha- 
kin^dom.  This  speculation  will  pro-  racters  that  are  most  commonly  em- 
bably  find  few  advocates  at  the  present  ployed  in  terming  genera,  orders,  and 
day,  so  entirely  is  it  opposed  to  facts,  other  assemblages  superior  to  species 
if  taken  in  the  form  in  which  it  was  &nd  below  the  classes.  It  is  expected 
originally  propounded ;  but  if  it  is  modi-  that,  although  this  may  be  a  very  dry 
fied  so  far  as  to  apply  not  to  one  series  &nd  uninteresting  subject,  it  will  be 
but  to  many  series,  it  then  at  once  ex-  useful  to  a  student  who  can  have  no 
plains  and  sustains  the  theory  of  Fries,  experience  to  guide  him  in  determining 
whose  observations  upon  this  subject  what  points  of  structure  are  most  or 
deserve  to  be  quoted.  least  essential  in  a  given  case. 

"All  natural  bodies  originate  in  sue-  The  root,  properly  so  called,  offers  no 
cessive  developement,  yet  in  a  continu-  characters  that  have  been  found  uni- 
ous  series  within  a  determinate  sphere.  Ibrm  in  particular  families  ;  in  fact. 
Every  new  sphere  originates  in  a  di-  the  modifications  of  which  it  is  suscep- 
gression  from  a  series  which  is  other-  tible  are  so  few,  that  it  is  difficult  to 
wise  continuous.  Whenever  a  more  conceive  in  what  way  they  can  be  ap- 
perfect  sphere  is  separated  from  one  plied.  Certain  forms  of  root-like  stems 
which  preceded  it,  and  has  acquired  a  ^^^  buds  have,  however,  been  observed* 
higher  station  than  its  parent,  it  may  to  which  some  attention  should  be 
be  itself  pressed  down  by  such  new  P^id.  In  the  first  place,  neither  bulb 
ones  as  emerge  from  itself;  but  the  ^^^,  rhizoma  is  known  in  Exo^ns, 
depressed  sphere  is  also  capable  of  con-  while  in  Endogens  they  are  sometimes 
tinuat ion  in  its  descent ;  and  under  this  characteristic  of  particular  orders, 
mode  of  developement  the  same  prin-  Thus,  all  Marantacese  andZingiberacess 
ciples  and  the  same  types  are  regene-  ^^^  '"ost  Iridacese  have  a  rhizoma  in 
rated  under  more  perfect  forms  in  the  ^^^  form  or  other,  and  bulbs  are  a  usual 
higher  spheres.*'  character  of  Liliacese  and  Amarylli- 

"  Those,  therefore,  are  mistaken  who  daceae ;  in  the  former,  however,  the  bulb 
assume  that  nature  proceeded  in  a  is  often  represented  by  a  rhizoma,  or 
simple  series  to  her  most  perfect  pro-  cormus,  as  in  Brodisea,  Leucocoiyne 
ductions.  'i  bus,  for  example,  all  para-  &nd  their  allies,  or  bv  those  succulent 
sites,  both  animals  and  plants,  must  fibres  called  fasciculate  roots,  as  in 
necessarily  have  been  created  later  than  Asphodelus  itself;  and  in  the  latter  the 
their  matrix  (and  should  therefore  be  ^^Ib  is  sometimes  entirely  absorbed  by 
the  most  perfect  parts  of  the  creation),  succulent  perennial  roots,  as  in  Clivia. 
But  Fungi,  which  are  the  latest  in  the  External  variations  in  the  figure  of  the 
series  of  vegetable  developement,  are  stem  are  sometimes  available  as  dis- 
the  most  simple  of  all  in  their  struc-  tinctions  of  orders.  Thus,  a  twinine 
fiire..  As  the  evolution  of  the  animal  stem  is,  almost  without  exception,  found 
and  vegetable  kingdom  may  be  said  to  ^^  Menispermacefle,  a  square  stem  is  uni- 
have  proceeded  with  nearly  equal  versal  in  LamiacesB,  and  an  angular  one 
paces,  so  the  different  sections  of  vege-  ^^  Galiaceae;  but  more  frequently  its 
tables  cannot  be  said  to  have  arisen  out  figure  affords  no  indication  whatever  of 
of  a  simple  series,  but  out  of  parallel  or  affinities.— Texture  of  the  stem  is  of 
radiant  series.  Many  Algae  must  have  scarcely  more  value.  Cactacese,  it  is 
been  created  more  recently  than  the  true,  have  always  the  cellular  tissue  in 
most  perfect  plants,  Entozoa  than  the  excess;  but  even  in  this  order,  the 
most  perfect  animals.*'  Pereakias  are  scarcely  more  succulent 

than  other  plants ;  and  Euphorbiaceaa 

and  Asc\ep\adace»  «x>wX3>\\.  \x«Xa»R«^ 

-  bothotth«moi\4«d<i<^i\»X^^^^'^^^^^ 
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lence,  and  of  the  normal  condition  of  whieh  are  much  more  eommon»  bang 
stems  in  general.— In  the  internal  ar-  easily  disjoined,  readily  become  altem- 
rane:ement  of  the  layers  of  stems,  not  ate.  Branches  obey  the  same  law  at  the 
many  modifications  have  been  observed  leaves.** — Xtnn^ra,  i.  207.  Some  Ra- 
beyond  those  already  noticed  as  dis-  nunculacesB  (Clematis)  and  many  Ajste- 
tinguishint;  classes;  nevertheless  there  rales  seem  to  offer  exceptions  to  the 
are  some  that  deserve  serious  attention,  statement.  —  All  Spondiacee,  Rhim- 
In  AristolochiacesB  there  are  no  zones  bolacesB,  &c  have  compound  leaves; 
to  the  wood ;  in  Piperaces  and  Nycta-  in  many  others  they  are  always  simple; 
innacesp  there  is  a  structure  almost  in-  and  in  such  orders  as  Aceracen.  Au- 
fermediate  between  that  of  Exogens  rantiacese,  Geraniaces,  Rut  aces,  and 
and  Endo^ns,  out  of  which  Schultz  Sapindacee,  both  simple  and  compound 
has  proposed  to  form  anew  class  (Ml-  leaves  are  found.  This  character, 
turliches  System  des  Pflanzenreichs) ;  therefore,  is  not  considered  of  so  modi 
Passifloracen  are  exceedingly  remark-  value  as  many  others.  Neither  is  the 
able  for  having  their  woody  system  degree  of  division  of  the  margin  ususUy 
nearly  cut  into  equal  quarters  ;  and  important,  toothed  and  entire  leaves 
Calycnnthaces  are  known  by  the  pre-  bemg  often  found  in  the  same  order, 
sence  of  four  incomplete  centres  of  vege-  Nevertheless  there  is  no  instance  of 
tat  ion  surroundmg  the  principal  one,  toothed  leaves  in  Cinchonaces,  Gen- 
and  so  forming  four  anjrles  wnich  are  tianaceae,  ClusiacesB,  or  Midpi|chiaec» ; 
visible  externally.  —  (See  MirbeVa  and  they  are  very  rare  in  Kndogenons 
figure^  in  the  Annale»  des  Sciences,  vol.  plants.--Characters  derived  from  the 
xiv.  p.  367.)  arrangement  of  veins  are  known  to  be 
The  leaves  are  subject  to  modifica-  in  many  cases  of  the  utmost  import- 
tions  which,  in  determining  the  mutual  ance ;  and  it  is  probable,  that  whoi 
relations  of  plants,  are  not  less  import-  thi^  subject  shall  have  been  more  accu- 
ant  than  the  functions  which  they  per-  rately  studied,  they  will  be  found  of 
form  in  the  vegetable  economy.  Their  even  more  value  than  has  been  vet 
characters  depend  upon  their  relative  supposed.  It  is  already  known  that 
position,  their  degree  of  division,  their  the  internal  structure  and  peculiar 
venation,  and  the  presence  or  absence  growth  of  Exogens  and  Endogens  are 
of  pellucid  dots  within  their  substance,  externally  indicated  by  the  arrange- 
All  CinchonaceaB  have  opposite  entire  mentoftneveinsof  their  leaves, — ^those 
leaves  ;  in  Lamiacese,  Apocynaceae,  of  Exogens  diverging  abruptly  from 
Gentianacesb,  Monimiaceee,  and  many  the  midrib,  and  then  branching  and 
others,  they  are  also  uniformly  opposite ;  anastomozing  in  various  ways,  so  as  to 
but  in  the  genus  Fuchsia,  in  which  they  form  a  reticulated  plexus  of  veins  of 
are  usually  opposite,  species  exist  in  unequal  size;  while  those  of  Endogens 
which  they  are  not  only  alternate,  but  run  straight  from  the  base  to  the  apex, 
both  the  one  and  the  other  on  the  same  or  diverge  gradually  from  the  midrib, 
plant ;  and  alternate  leaved  species  not  ramifying  in  their  course,  but  being 
exist  in  Aggregosro,  Scrophulariacea),  simply  connected  with  each  other  by 
and  Malpighiace©,  the  leaves  of  which  transverse  bars,  examples  of  which  are 
are  generally  opposite.  In  CorylacesB,  afforded,  on  the  one  hand,  by  the  Ro!«e, 
Apiaccse,  TernstromiaccsD,  Hamamela-  and  on  the  other  by  the  Iris  and  Ar- 
cea?,  and  Urtieaceap,  they  are  uniformly  row-root.  Although  a  few  exceptions 
alternate;  hut  in  Comhretacese,  Eri-  exist  to  both  these  rules,  yet  the  gene- 
caci;8e.  and  Fabaceae,  orders  usually  ral  characters  of  the  leaves  of  those 
having  alternate  leaves,  they  are  occa-  classes  are  such  as  we  describe.  But 
sionally  opposite.  We  hardly  know  independently  of  this,  many  other  or- 
how  far  this  irregularity  is  connected  ders  are  distinguished  by  modifications 
with  the  lollowing  observations  of  of  venation.  Thus,  all  Mclastomacese 
Schlechtendahl,  which,  however,  de-  have  three  or  more  collateral  ribs  con- 
serve attention.  "Those  leaves,"  he  nected  by  branched  transverse  bars, 
says,  "which  are  connected  either  by  something  in  the  way  of  Endogens; 
their  base,  or  by  the  intervention  of  a  all  Myrtacea}  have  one  or  two  fine 
stipule,  I  cull  opj)Osite ;  and  those  which  veins  running  parallel  with  the  raai^in. 
are  not  so  connected,  spuriously  oppo-  and  just  within  it;  most  Corylactsp 
site  (pseiido-opposita).  Opposite  leaves  have  the  principal  lateral  veins  running; 
Bre  never  disjoined  (Cinchonacese  and  straight  out  from  the  midrib  to  the 
$iJenacew);  spuriously  opposite  ones,  max^vn*,  ^«\.vi\»A«Q^  %x«  dvrtinguished 
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by  this  among  other  characters  from  dasfes,  to  which  alone  the  name  of 
Salicaceae;  and  the  same  peculiarity  stipules  properly  appertains,  with  dila- 
separatesthe  pennine  genera  of  Dille-  tations,  or  membranous  or  glandular 
niacese,  called  DelimesB by  DeCandolle,  processes  of  the  petiole,  such  as  are 
from  those  of  which  Hil)bertia  is  the  found  in  Ranunculaceae,  Grossulaceae, 
representative.  All  Gentian  aces,  whose  Apocynaceee,  Apiacea),  and  others, 
leaves  are  broad  enough  to  have  more  The  presence  of  stipules  is  universal 
veins  than  the  central  one,  are  rib-  in  Cinchonacese,  which  are  thus  dis- 
leaved.— Leaves  which  contain  reser-  tinguished  from  Galiaceae,  in  Betula- 
voirs  of  oily  secretions,  indicated  by  the  ceae,  Salicaceae,  Magnoliaceae,  and  many 
presence  of  pellucid  glands  within  their  others.  The  orders  Cistaceee,  Saxifra- 
substance,  are  almost  always  universal  gacee,  LoganiaceoB,  and  Rosaceae,  are 
in  a  given  order.  Thus,  Myrtaceee,  among  the  few  cases  in  which  genera 
properly  so  called,  (with  the  exception  exist  both  with  and  without  stipules. 
of  the  paradoxical  Pomegranate,)  are  The  starved  leaves  found  at  the  base 
distinguished  by  these  glands  from  Me-  of  many  flowers,  and  technically  called 
lastomaceee;  in  one  genus  of  which.  Bracts,  are  rarely  employed  as  distinc- 
however,  (Diplogenea,)  slight  traces  of  tions  of  orders,  ofl^ering  scarcely  any 
them  are  to  be  found :  they  are  present  modifications  of  importance.  In  Bras- 
in  all  Aurantiacese ;  by  this  character  sicacese,  however,  they  are  never  pre- 
Winteracese  are  distinguished  from  sent,  and  in  Marcgraviaceee  they  are 
MagnoliaceflB,  Amyridacese  from  Con-  usuaJl>[  hollow,  bein^  folded  together 
naracesB,  &c.  &c.  Samydaceee  are  re-  by  their  two  edges,  like  the  leaves  of 
markable  for  their  dots,  being  partly  which  carpels  are  formed, 
linear  and  partly  round.  In  the  orders  Forms  of  Inflorescence  are  occasion- 
Phvtolacaceee,  Petiveracese,  Lamiacese  ally,  but  not  often,  found  characteristic 
and  Zygophylalceae,  there  are,  however,  of  particular  tribes.  Thus  all  Astera- 
genera  with  and  without  pellucid  dots,  ceae,  Calyceraceae  and  Dipsaceae  have 
— ^The  secretions  of  plants  are  rarelv  at-  their  flowers  in  heads ;  all  Apiaceee  bear 
tended  to  in  any  other  oases  than  those  umbels;  all  Plantaginaceae,  Cyperacese 
just  mentioned,  except  when  a  milky  and  Graminaceae,  have  dense  simple 
fluid,  generally  indicating  poisonous  imbricated  spikes ;  all  Betulaceae,  Cory- 
properties,  is  present;  but  to  the  pre-  lacea}  and  Salicaceae  bear  catkins; 
sence  or  absence  of  the  latter  a  good  deal  Pinaceae  have  a  strobilus  or  cone  ;  and 
of  importance  is  attached,  perhaps  not  all  Echiales  have  a  gyrate  inflores- 
very  correctly.     Milk  is  characteristic  cence. 

of  Papaveraceae  proper,  of  the  Artocar-        The  calyx  is  used  in  a  variety  of  ways 

peous  section  of  Urtieaceae,  of  Euphor-  to  distinguish  orders;   but  the  charac- 

biacese,  Apocynaceas,  and  several  other  ters  it  affords  are  far  from  being  of 

groups;  but  it  also  occurs  in  some  Api-  equal  or  uniform  importance.    Its  ab- 

aceae,,and  is  not  discoverable  in  those  sence  implies  the  absence  of  the  corolla 

orders  to  which  it  is  proper  except  at  also,  which  cannot  possibly  be  present 

particular  periods  of  the  year.     Some  when  the  calyx  is  away,  unless,  as  in 

Acers  (platanoides,  macrophyllum  and  Composilae,    it   is  obliterated   by  the 

Negundo)  milk:  dthers  (pseudo-pla-  pressureof  surrounding  bodies.     By  its 

tan  us,  &c.)  do  not  milk.    It  has  been  absence  all  the  orders  called  Achlamy- 

said  to  be  universally  absent  from  En-  deous  are  characterized,  such  as  Salica- 

dogens,  but  it  is  abundant  enough  in  ceae,  Piperaceae,  Saururaceae,  &c. ;  but 

the  roots  of  Alisma  Plantago,  in  Lim-  in  BetmaceaB  it  is  present  in  the  male 

nocharis,  &c.  flowers,  and  in  Euphorbia  itself;  among 

At  the  base  of  some  leaves  are  fre-  Polypetalous  Dicotyledons  it  is  wholly 

quently  found   little   membranous   or  wantmg.     These   exceptions  do   not, 

foliaceous  appendages,  called  Stipules,  however,  affect  the  general  importance 

which  are  in  fact  leaves  in  an  imperfect  of  characters  derived  from  its  presence 

state  of  developement.    Their  presence  or  absence.    If  it  is  unaccompanied  by 

may  therefore  be  understood  to  indicate  the  corolla,  plants  are  said  to  be  Mono- 

a  peculiar  degree  of  composition  in  the  chlamydeous,  and  this  is  a  point  of 

leaves  to  which  they  belong,  and  they  prettv  uniform  value.    We  know  of  no 

sometimes  indicate  affinities  in  a  very  true  Monochlamydeous  ordeis  in  which 

remarkable  manner.  In  studying  them,  the  presence  of  a  corolla  forms  an  ex- 

however.  care  must  be  taken  not  to  ception,  unless  VYve  1^m^v«\  ^^^^^^  ^\ 

confound  genuine   foliaceous   appen-  ThymdaceB^  w^  Wi\»v^ft^^^*  ^^  vaSisr 
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mcnts  of  a  corolla. — ^The  sepals  or  leaves  one  of  the  principal  points  vrhich  sepa- 
of  which  it  is  composed  are  either  dis-  rate  Calycanthacese  from  Rosaceae.— 
tinct  or  combined;  and  from  this  cir-  Themost  important  character  connected 
cumstance,  characters  are  sometimes  with  the  calyx  is,  however,  its  cohesioa 
advantageously  derived.  Thus  in  Scle-  or  non-cohesion  with  the  ovaiy ;  or,  u 
ranthaceae  and  Silenaceae  the  calyx  is  botanists  incorrectly  call  it,  its  being 
always  monoscpalous ;  in  Frankenia-  superior  or  inferior.  Some  orders  are 
cese  it  is  constantly  ribbed,  &c. — The  positively  characterized  by  this,  as  Aste- 
number  of  sepals  is  sometimes  a  charac-  racese,  Apiacese,  Caprifoliacese,  Orcbi- 
ter  of  importance,  as  in  Brassicacese,  in  daceae,  and  many  more ;  and  as  it  often 
which  they  are  always  four,  in  Papave-  happens  that  it  exists  without  excep- 
races,  which  have  rarely  more  than  tion,  it  thus  becomes  a  useful  means 
two,  and  in  the  greater  part  of  Endo-  of  distinction.  Scsevolacese  are,  forin- 
genous  plants,  which  have  usually  stance,  by  this  means  at  once  known 
three.  This  character,  however,  re-  from  Brunoniaceae,  and  Cinchonacefe 
quires  to  be  used  with  circumspection,  from  Apocynacea;.  No  instance  of  a 
as  there  are  more  instances  of  the  superior  calyx  has  been  found  in  Ranun- 
number  of  sepals  being  variable  than  culaceae,  Brassicacese,  Papavermce», 
regular.  Thus  in  Linaceae  and  Mai-  Rutaceae,  and  a  number  of  others.  But 
vaceaetheyarethree,four,five;inClusia-  there  are  some  singular  exceptions  to 
ceae,  they  vary  from  two  to  six ;  in  Ho-  this  rule.  Thus,  among  AnonacesB,  an 
maliaceac,  from  five  to  fifteen ;  and  in  order  with  indefinite  superior  ovaries, 
Samydaceac,  from  three  to  seven. — The  we  find,  Eupomatia,  in  which  [they  are 
aestivation  of  the  calyx  is  always  to  be  inferior;  in  Melastomaceae  all'  degrees 
well  considered,  as  certain  forms  are  of  cohesion  take  place  between  the 
often  among  the  best  known  indications  calyx  and  the  ovary ;  and  in  SaxilVa- 
of  affinity.  Malvaceae,  Tiliaceae,  Elaeo-  gaceae  this  uncertainty  of  structure  u 
carpaceae.Tremandracese,  Sterculiaceae,  still  more  remarkable.  It  should,  how- 
have  it  exclusivelv  valvate  among  poly-  ever,  be  observed,  that  in  the  two  latter 
petalous  dicotyledons  with  hypogynous  orders  the  tendency  to  cohesion  between 
stamens  ;  Ternstrumiaceac  and  the  rest  the  calyx  and  the  ovary  may  be  almost 
of  the  calycosc  group  of  Exogcns  have  ascertained  by  careful  dissection;  and 
the  sepals  constantly  imbricated  in  a  pa^  even  in  Parnassia,  an  anomalous  genus 
ticular  way ;  Vitaccae  have  the  lobes  of  which  is  referred  to  Saxii'ragaceae,  usu- 
the  calyx  distinct  and  wide  apart  from  ally  having  an  ovary  completely  supe- 
a  very  early  period  of  their  existence :  rior,  there  exists  a  species  in  which  it  is 
but  in  Penaeacea*  both  valvate  and  im-  partially  inferior.  We  have  said  that 
bricate  aestivation  exists.  —  In  some  the  difference  between  a  superior  and 
plants  the  sepals  are  of  equal  size ;  in  inferior  calyx  consists  only  in  the  co- 
others  they  are  very  unequal  either  in  hesion  of  that  organ  with  the  ovary  in 
form,  direction,  or  texture ;  in  the  former  the  one  case,  and  its  separation  from  it 
case  they  arc  said  to  be  regular,  in  the  in  another ;  and  this  is  the  view  which 
latter  irregular,  and  by  this  difference  is  always  taken  of  it,  all  that  part  which 
certain  orders  are  characterized.  Thus  Sa-  intervenes  between  the  segments  and 
pindaceaeandPolygalaceaD  have  a  calyx  the  pedicel  being  considered  the  tube 
constantly  regular  ;  but  it  frequently  of  the  calyx.  But  it  is  to  be  suspected 
happens  that  both  regular  and  irregular  that  theory  has  carried  botanists  too 
calyces  co- exist  in  the  same  order,  as  far,  and  that  there  are  cases  in  which 
in  Rosaceac,  Lamiaceae,  Fabaceac,  and  the  apparent  origin  of  the  calyx  is  the 
many  others. — In  most  orders  the  sepals  real  origin.  Upon  this  supposition, 
form  one  series  only ;  others  have  them  what  is  now  called  the  tube  of  the  calyx 
in  two  rows,  and  this  has  not  been  found  may  be  sometimes  a  peculiar  extension 
to  be  connected' with  any  material  dif-  or  hollowing  out  of  the  apex  of  the 
fcrences  otherwise ;  but  when  the  num-  pedicel,  of  which  we  see  an  example  in 
ber  of  series  is  increased  much  beyond  Eschscholtzia,  and  of  which  Rosa  and 
two,  they  cease  to  be  separately  dis-  Calycanthus,  and  perhaps  all  supposed 
tinguishable,  and  form  an  imbricated  tubes  without  apparent  veins,  may  aho 
calyx,  which  is  frequently  confounded  be  instances.  In  this  case  the  whole  of 
with  the  corolla,  as  in  Calycanthaceae.  our  ideas  about  superior  and  inferior 
We  know  of  no  order  in  which  genera  calyxes  will  require  modification, 
with  an  imbricated  calyx  of  this  kind  The  second  fioral  envelope,  or  the  co- 
BDd  a  common  caljx  co-exist.    It  is  roUa,  consists  ofa  number  ofleaves  equal 
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to  those  of  the  calyx,  and  alternating  distinguished  by  the  peculiar  arrange- 

w'ith  them,  in  addition  to  which  they  are  ment  of  the  veins  of  their  corolla';  and 

usually  coloured.    If  the  corolla  is  pre-  they  are  always  oblique  in  Hyperica- 

sent,  a  plant  is  said  to  be  Dichlamydeous,  cese. 

and   much  importance  is  attached  to        From  within  the  corolla  arise  the 
this  peculiarity ;  more.we  think, than  it  Sexes.     From  the  manner  in  which 
deserves.     It  separates  plants  having  these  are  composed,  good  characters 
much  natural  affinity,  as  Euphorbiacese,  may  sometimes  be  derived,  but  more 
far   from   Rhamnacese,   Amarantacese  frequently  no  characters  at  all.    Thus, 
vi'idely  from  lUecebraceae,  and  it  is  also  Xanthoxylaceic  are  known  from  Kuta- 
one  to  which  there  are  many  exceptions,  ceae  by  their    unisexual   flowers  ;    all 
This  is,  however,  not  the  case  with  mono-  Euphorbiacese,  Bef^oniacese,  Pinaccee, 
petalous  dicotyledons,  Primulaceae  and  Myricacese,  are  unisexual.     But  Vita- 
Oleacese  being  almost  the  only  instances  ceae,  Graminaceee,  Cyperacese,  Cheno- 
of  orders  among  those  which  are  truly  podiaceas,  Apiacese,  and  even  Kanuncu- 
monopetalous,     containing    apetalous  lacea*,  contain  hermaphrodite  and  dicli- 
genera.    The  difference  between  a  mo-  nous  genera ;  and  it  is  familiar  to  every 
nopetalous  and  a  polypetalous  corolla  is  one,  tnat  flowers  of  all  these  kinds  (that 
this,  that  in  the  one  the  leaves  out  of  is,  male,   female,  and    hermaphrodite) 
which  the  corolla  is  formed  are  distinct,  stand  side  by  side  in  Asterales. 
and  in  the  other  united.    Great  value        The  stamens  either  arise  immediately 
is  attached  to  this,  and  it  is  in  fact  a  from  below  the  ovary,  having  no  adhe- 
difTerence of iirst-rate importance:  thus,  sion  to  the  calyx,  when  they  are  said 
all  Ranunculacese,  Rosacea?,  Brassica-  to  be  hypogynous,  or  they  contract  an 
cese,  Lamiaceaa,  Scrophulariaceae,  and  adhesion  of  greater  or  smaller  extent 
BignoniaccaB  are  equally,  without  ex-  with  either  the  calyx  or  corolla,  when 
ception,  monopetalous :  but  in  the  po-  they  become    perigynous,    or,  finally, 
lypetalous  orders  of  Crassulaceae,  Ru-  they  appear  to  proceed  from  the  apex 
tacpsD,  Polygalaceae,   Ternstrumiaceae,  of  an  inferior  ovary,  in  which  case  tney 
&c.,  there  are  monopetalous  genera.-^  are  named  epigynous;  but  it  is  usually 
The  aestivation  of  the  corolla  rarely  now  understood  that  all  stamens  take 
furnishes  characters  connected  with  the  their  origin  from  below  the  ovary ;  and 
natural  properties  of  plants  ;  neverthe-  if  this  opinion  be  well  founded,  there 
less,  Asteraceae  are  essentially  distin-  will  be  no  material  difference  between 
finished  by  their  valvate,  and  Asclepia-  those  which  are  perigynous  and  those 
daceae  and  Apocynaceae  by  their  con-  which  are  epigynous ;  and  these  two 
torted  aestivation,  an  exception  to  the  modifications  are  accordingly  con  found- 
one  existing  only  in  the  ^enus  Lepta-  ed  together  by  most  modern  botanists, 
denia,  and  to  the  other  m  Gardneria.  A.     Brongniart,    however,    conceives 
The  aestivation  of  bgth  calyx  and  corolla  epigynous  stamens  to   be  essentially 
has  as  yet  received  too  little  attention  distinct  from  perigynous,  founding  his 
for  its  value  to  be  judged  of  generally.-^  opinion    upon    the    genus    Raspailia, 
The  regularity  or  irregularity  of  the  co-  which  has  a  superior  ovary,  from  the 
rolla  is  most  commonly  important:  thus,  top  of  which  arise  the  stamens;  but  it  is 
Orcliidacesc,Polygalace8D,Bignoniaceae,  possible  perhaps  to  explain  this  appa- 
Fumariacem,  are  irregular  without  ex-  rent  anomaly.    To  the  difference  be- 
ception;  the  regular  corolla  of  Bragi-  tween    perigynous    and    hvpogynous 
naceae  will    almost  distinguish  them  stamens  the  French  school   attaches 
from  Lamiaceae,  which  have  frequently  the  greatest  value,  not  being  willing  to 
an  irregular  one;  yet  Echium  in  Boragi-  admit    any   genus    with    hypogynous 
naces  is  irregular,  and  Caprifoliaceae  stamens  into  an  order  with  perif^ynous 
exhibit  all  the  gradations  from  a  corolla  ones,  and  vice  vend;   and    there   is 
of  the  most  irregular  form  to' one  of  somewhere  an  observation,  that  of  such 
the  most  perfect  symmetry.     In  As-  primary  importance  is  this  distinction, 
terales  both  are  found  continually  in  that  while  poisonous  orders  are  to  be 
the  same ;  in  Lobeliaceae,  which  may  known  bj^  their  stamens  being  hypogy- 
be  almost  always  distinguished  from  nous,  all  in  which  the^^  are  perigynous 
Campanulaceao by  their  irrci^ularity,  be-  are  wholesome.    Setting  aside,  how- 
come  nearly  regular  in  Isotoma.— The  ever,  this  hypothesis,  which  has  not 
venation  of  the  petals  is  scarcely  ever  the  general  application  that  has  been 
employed  for  distinction,  little  bemg  at  ascribed  to  it,  there  is  no  doxibt  \.Va^ 
present  known  of  it,    Asterales  are  insertion  oi  i\ftm<&TA  ^<(a%  h«c^  ^Vc^^ 
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aloncr   with    essential   differences    of  and  the  stamens  of  the  petals  ;  and  of 

other  kinds;    for    example,  it  distin-  course  any  irregularity  in  this  respect 

)2:uishes  with  precision  Kosacee  from  will  destroy  the  supposed  symmeiry. 

HaniinculAceae.Violacese  fromPassifio-  This  is  often  a  point  of  mucti  impor- 

race  a?,  R'.anmuriacefle  from  Nitrariaceae,  tance  to  observe ;  for  example,  in  Bura- 

Aurantiaces  from  Burseraces.   But  on  ginaceae,  the  stamens  are  always  equal 

the  other  hand,  there  is  not  only  fre-  to  the  segments  of  the  corolla,  and  the 

quently,  as  may  well  be  supposed,  so  flowers  of  that  order  are  consequently 

slii^ht  a  degree  of  adhesion  between  symmetrical ;  in  Lamiaceae,  on  ti<e  con- 

the  stamens  and  calyx  as  to  render  it  trary,  one   at  least  of  the  stamens  is 

difficult  to  say  whether  the  former  are  constantly  missing,  and  the  flowers  are 

perigynoiis  or'hypogynous,  as  in  Tama-  therefore  regularly  unsym metrical,  a 

ricHcese,  and  many  others ;  but  there  character  by  which  these  orders  may 

are  orders  which  do  i-eally  exhil^it  in-  be  constantly  known,  when  the  form  of 

stances  of  both  modes.    Thus  Esch-  their  corolla  will  not  distinguish  them, 

scholtzia    has    decidedly    perigynous  In  Phytolaccaceae  there  is  a  constant 

stamens,  and  yet  it  is  a  genus  of  Papa-  tendency  to  a  want  of  symmetry  ;  and 

veraces,  the  character  of  which  is  to  this  is  one  of  the  characters  by  which 

have  them  hy|)ogynous  ;  and  all  kinds  that  order  is  known  from  Chenopodi- 

of  it:radations,  from  the  one  form  to  the  aces. 

other,  are  observable  in  Saxifragacese.  That  part  of  the  stamen  which  con- 
The  stamens  of  Macrostylis,  among  tains  the  fertilizing  matter  of  the 
the  hypogynous  oider  Kutacess,  are  anther,  is  a  case  usually  consisting  of 
manifestly  pcisrynous.  In  Geraniacero,  two  parallel  or  slightly  diverging  cells, 
the  genus  Geranium  has  the  stamens  containing  pollen,  and  opening  by  a 
hypogynons,  and  Pelar&ronium  perigy-  longitudinal  fissure ;  but  from  this  |^n 
nous.  Alsinaceeo  are  arranged  among  many  deviations  take  place,  which  are 
genera  with  hypogynous  stamens,  yet  of  value  in  determining  affinities.  Thus, 
some  of  them'  (Larbrea  and  Adena-  all  Maivacese,  properly  so  cidled,  and 
rium)  are  perigynous ;  in  Illecebracero,  Epacridacese,  have  but  one  cell ;  in 
part  of  the  genera  are  perigynous  and  Lauraceae  and  Berberacese,  the  valves 
part  hypo^rynous.  —  The  manner  in  are  hinged  by  their  upper  margin  ;  in 
which  the  stamens  cohere  is  sometimes  Ericaceae  the  pollen  is  emitted  by  pores ; 
an  indieat ion  of  affinity  :  for  instance,  in  Melastomaceae  the  same  takes  place, 
they  uremonadelphousm  Mai vacea? and  along  with  a  peculiar  conformation  of 
l\Ie'liac'e}i»,  diadelphous  in  great  numbers  the  lower  part  of  the  anther ;  in  Hama- 
of  Kabacea;.  polyadelphous  in  Hyperi-  melaceap,  dehiscence  is  effected  by  the 
cacese  :  but  more  commonly  this  cha-  falling  otf  of  the  face  of  the  anthers : 
racter  is  unimportant,  as  in  Malvaceco  but  in  Solanaceae,  the  genei-a  of  which 
themselves,  which  have  sometimes  dis-  have  usually  theil»  anthers  bursting 
tinct  stamens ;  Fabaceae,  which  have  longitudmallv.  the  genus  Solanum  it- 
very  olten  such;  and  Ternstromiacea?.  self  opens  by  pores.— The  mode  in 
which  have  both  united  and  disunited  whieh  the  anther  is  united  with  the 
ones.— It  not  unlVequently  occurs,  that  filament  is  sometimes  taken  into  ac- 
the  convei-sion  of  the  petals  into  sta-  count,  as  in  AnonaceaD.  Nymphaaceae, 
mens  takes  place  imperfectly,  in  which  Humiriaceje.and  Araccae,  orTvphacese. 
case  a  part  of  the  stamens  is  said  to  in  which  they  are  always  adnate  ;  and 
be  sterile,  and  this  is  sometimes  a  use-  Graminaceae,  in  which  they  are  as 
ful  character  for  detectinsj  affinities,  regularly  versatile.  But  this  modifica- 
Thus,  m  many  Buttncriea',  one-fit^ h  are  tion  appears  of  no  great  moment    nor 


of  five  is  rudimentary.— A  j>eculiarity  small  order    of    Penrcacece    we    have 

of  a  similar  nature  is  the  want  of  sym-  anthers  with  the  connective  both  cxces- 

metry  which  sometimes  exists  between  sively  fleshv.  and  in  the  ordinary  state, 

the    petals  or    sepals,   and    stamens.  Pollen  rarely  affords  any  marks  by 

Supposmir   the  flower    to    be  formed  which  affinities  are  to  be  traced     The 

witljout  abortion  of  any  kind,  and  by  most  remarkable  deviations  from    its 

regular  alternation  of  metamorphoses,  usual  nature  exist  in  Asclepiadacea? 

as  IS  usually  the  case,  the  petals  will  and  Orchidacea;  the  former  havineit 

be  always  some  multiple  of  the  sepals,  ciiwa.^iVvi  ^.  ^\.^\^  ^^v  ^wiwA.»ti,  tesem- 
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blinjf  wax,  by  which  they  are  known  be  either  one-celled,' in  consequence  of 

from  Apocynaceae,  and  the  latter  hav-  its  consistinji:  of   a  single  can)el,    in 

in^  it  frequently  so,  but  also  containini^  which  case  it  will  belong  to  the  apo- 

numerous  genera,  the  pollen  of  which  carpous  division  ;  or  it  may  consist  of 

is   scarcely   distinE^uishabie    from    its  several  carpels  strictly  cohcrinsr,  and 

ordinary  powdery  state.  therefore  syncarpous,  but  nevertheless 

Immediately  between   the    stamens  one-celled,  in  consequence  of  the  obli- 

and  the  ovary  is  sometimes  found  a  teration  of  the  dissepiment.    Peculia- 

fleshy  rinf^r  or  fleshy  glands,  called  a  rities  of  this  latter  nature  are  almost 

Disk,    and    supposed    for   very    good  always  of  ordinal  iiiiportance,  a/ /«a«/f/ 

reasons  to  represent  an  inner  row  of  the  jdacentee  are  parietal ;  for  instance, 

hnperlectly  developed   stamens.     The  the   latter  is  the  structure  of  Papa- 

presfnce  of  this  disk   is  constant  in  veracese,  Homaliaceee,   Flacourtiacese, 

Apiaceae,    Asterales.  Lamiaceae,    Bo-  Cucurbitaceae,  Papayaceee,  and  Viola- 

raginaceie,    and    Rosaceae,    while    its  ceae,  to  which  there  is  no  exception ; 

absence  is  equally  universal  in  others,  but  Alsinaceae  and  Bruniaceee,  the  usual 

It  is  not,  however,  much  used  as  a  prin-  structure  of  which  is  to  be  one-celled, 

cipal  mark  of  distinction,  its  real  value  have  the  placentae  in  the  centre  ;  and 

not  having  been  yet  ascertained.  There  in  both  these  orders  there  are  genera, 

are  some  curious  modifications  of  it  in  the  ovary  of  which   contains  several 

Khamnaceae  and  Meliaceas.    It   is   a  cells. — Another   point    that    deserves 

remarkable  fact,  that  in  Gentianaceae  particular   attention    is    the   relation 

and  their  allies,  which  have  the  peri-  borne  to  the  axis  of  in  florescence  by  the 

carpial  leaves  rieht  and  left  with  re-  pericarpial  leaves,  of  which  an  ovary 

apect  to  the  common  axis  of  inflores-  is  formed.    What  the  exact  value  of 

cence,  it  is  never  truly  present ;  while  this   character    may    be    is    not    yet 

in  Scrophulariaceae  and  their  allies,  known  ;  but  it  seems  that  Grentianaceae 

the  pericarpial  leaves  of  which  are  ante-  and  their  allies  have  their  pencarpial 

rior  and  posterior,  it  is  generally  pre-  leaves  right  and  left  of  the  axis,  while 

sent  in  one  shape  or  other.  Scrophulariaceae  and  their  allies  have 

The  last  modiflcation  of  leaves  in  the  the  pericarpial  leaves  anterior  and  pos- 
fructification  consists  in  their  conver*-  terior,  with  respect  to  the  axis.  Rosa- 
sion  into  what  is  called  the  female  ceae  and  Fabaceie  difi^er  in  a  nearly 
ort;an,  or  ovary  ;  that  is  to  say  into  the  similar  way. — Connected  with  the  apo- 
case  which  contains  the  young  seeds  carpous  or  syncarpous  state  of  the 
or  ovules.  Now  that  the  structure  of  ovary  is  the  union  or  separation  of  the 
this  part  is  well  understood,  we  know  styles,  which  therefore  scarcely  require 
that  tin  ovary  cither  consists  of  one  or  distinct  mention.  It  is  as  well,  how« 
several  connected  pericarpial  leaves,  ever,  to  remark,  that  the  separation  of 
called  cari)els,  arranged  around  a  com-  styles  is  commonly  a  sign  of  the  apo- 
mon  axis,  or  of  several  combined  into  a  carpous  state  of  the  ovary,  provided 
single  body.  Upon  this  difference  the  the  latter  is  not  very  apparent  other- 
distinction  depends  of  what  are  called  wise ;  and  the  cohesion  of  the  styles  is 
apocarpous  uvaries,  or  those  of  which  constantly  an  evidence  of  the  contrary ; 
the  carpels  are  distinct ;  and  syncarp*  and  in  this  view  the  Elder  and  Iiy- 
ous,  or  those  of  which  the  carpels  are  drangea  may  be  justifiably  separated 
compactly  combined.  These  differ-  from  Capri foliaceae. — The  receptacle  or 
cnces  appear  of  much  importance,  and  growing  point  round  which  the  carpels 
subject  to  as  few  exceptions  as  any  are  disposed  is  commonly  so  minute 
modifications  that  botanists  make  use  as  to  interpose  but  little  matter  between 
of.  Thus  Berberacete  are  distinguished  the  bases  of  the  carpels  which  stand 
from  PapaveracesB,  Nelumbiaceae  from  nearly  parallel  with  each  other.  IJut 
NynipliHeaieie,  Amaryllidaceee  from  this  pail  occasionally  takes  on  an  ex- 
Burseracese,  Boraginaceae  from  Ehreti-  traordinary  developement,  becoming 
aceEB,  Hud  the  like.  But  at  the  same  fleshy,  and  cither  separating  the  car- 
time  it  will  be  seen,  that  cases  exist  of  pels  entirely  from  each  other,  as  in  the 
l>oth  forms  being  found  in  the  same  Strawberry  and  in  Ochna,  or  causing 
nat\iral  order,  as  Xanthoxylaceae.  This,  them  to  diverge  at  their  base,  to  which 
however,  is  rare. — ^The  cohesion  of  the  they  adhere  by  the  points  of  their  ovary, 
ovary  with  the  calyx,  or  its  separation  The  term  gymtbase  has  been  invented 
from  it,  has  been  already  treated  of  in  by  the  Fret\cVi  \o  ^^TvcKa  VVv*  VycA^^A 
speaking  of  the  ca}yxj—An  OYtaj  may  receptacle,  axi^  %\.t\Oi\>f   «^w^vci%  >X 
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oui^ht  to  be  applied  to  all  cases  of  an  ascertain,  bnt  which  will  be  more  pm- 

enlar^ed  receptacle.    But  in  practice  perly  spoken  of  in  considering  the  Talne 

nothing  is  considered  a  gynobase,  on  of  distinctions  drawn  from  that  source. 

which  more  than  one  row  of  carpels  is  The  ripened  ovary  is  the  fruit    Thi 

armnged.  This  character,  indicated  in  differences  in  its  structure  are  of  the 

the  fruit  by  the  presence  of  a  central  same  nature  as  those  of  the  ovary,  and 

woody  column  to  which  the  carpels  need  not  be  repeated.    Its  texture  and 

partially  adhere*  is  sometimes  of  so  mode  of  dehiscence  are  the  prindpd 

much  value  as  to  form  the  cementing  sources  of  distinction,  but  they  perhaps 

character  of  several  well-marked  and  deserve  as  little  attention  as  any  sf 

very  distinct  orders.    It  has  given  rise  which  botanists  make  use.     It  is  tros 

to  a  group  called  Gynobaseosae  among  that  the  fruit  of  all  GrossulaocK  ii 

Polypetaious  £xogens.  baccate,  of  all  Lamiacese  indehiscenl. 

The  stigma  seldom  offers  any  good  and  of  all  Primulacesa  capsular;  bnt 

characters.    In  some  cases,  however,  MarcgraaviacesB,  Melastomaceae,  My^ 

advantage  is  taken  of  it,  as  in  Linaceee,  taceae,  Ranunculacese,  and  Rosaoea^ 

the  capitate  stigmas  of  which  distin-  with  a  crowd  of  other  orders,  contsm 

guish  them    from  Alsinaceae,    where  both  baccate  and  capsular,  dehiscent 

they  occupy  the  whole  inner  face  of  the  and  indehiscent  genera, 

styles ;  and  in  Goodeniacese,  Scsvola-  The  characters    obtained  from  the 

ceee,  and  Brunoniacese,  there  is  a  pecu-  position  of  the  seed  are  of  the  sane 

liar  membranous  appendage  enveloping  value  as  those  from  the  position  of  the 

the  stigma,  and  called  an  indusium,  ovule;  in  addition  to  which,  the pcob 

which  distinguishes  those  orders  from  liarities  of  the  testa  are  made  use  o£ 

all  others.  — In  some  Monocotyledonous  orders,  as 

The  number  of  the  ovules  (that  is  to  Liliaceae  and  Smilacese,  the    teztnre 

say,  whether  they  are  definite  or  in-  has  been  employed  as  a  mark  of  dii- 

definite)  is   frequently  an   important  tinction,  but  with  little  reason,  the  soft 

difference,  as,  for  example,    between  thin  testa  of  Smilax  bein^  found  in 

Campanulacese  and  Asterales,  Goode-  genuine  Liliacese  of  the  Asphodeleou 

niacae    and  Scaevolaceae ;    but    while  section ;  it  is  indeed  rather  surprising 

considerable  value  usually  attaches  to  that  lH)tanists  should  have  ever  thought 

this,  it  must  not  be  forgotten  that  there  of  having  recourse  to  a  distinction  so 

are  exceptions  to  it  in  several  instances,  wholly  unconnected  with  function  or 

especially  in  CaprifoUacese,  Fumarieac,  typical  organization. — The  seed  being 

and  Brassicaces. — The  position  of  tlie  winged    or    otherwise,    distinguishes 

ovules  is  much  more   essential  than  Meliacese  from   Cedrelaceo?,    and  the 

their  number,  and  may  be  considered  presence  of  a  fungous  swelling  about 

as  one  of  the  most  valuable  forms  of  the  hilum  is  a  good  characteristic  of 

structure  that  can  be  taken  into  ac-  Polygalaceae. 

count.  It  is  uniform  in  Asterales,  The  substance  that  surrounds  the 
Yalerianacea},  Apiaceae,  and  others  ;  embryo  is  the  Albumen  ;  its  absence  or 
but  in  Sanguisorbeae,  Pedaliaceae,  and  presence  constitutes  a  valuable  mark 
Styraceae,  both  erect  and  suspended  of  distinction.  There  can  be  no  doubt 
ovules  co-exist ;  this  union  of  the  two  that  when  it  exceeds  the  bulk  of  the 
positions  occurs  in  a  more  remarkable  embryo  very  considerably,  as  in  Ka- 
degree  in  Penaeaccae  ;  and  among  Vio-  nunculaceae,  Papaveracese,  Apiaced 
laceu).  the  genus  Conolioria  offers.  Grasses,  and  the  like,  it  is  of  such  im- 
according  to  A.  St.  Hilaire,  PI,  Usu-  portance,  that  no  plant  destitute  of 
elles.  No.  10,  an  instance  of  three  albumen  is  likely  to  be  found  appe^ 
kinds  of  direction  in  as  many  species ;  taining  to  such  orders,  for  in  such  cases 
in  C.  Lobolobo,  the  ovules  are  ascend-  it  is  to  be  supposed  that  it  contributes 
ing  ;  in  C.  castaneaefolia,  they  are  essentially  to  the  nutrition  of  the  em- 
suspended  ;  and  in  C.  Rinorca,  one  is  bryo  wlien  first  germinating ;  and  is 
suspended,  one  ascending,  and  the  in-  in  reality  indispensable  to  it.  But  on 
termediateperitropal,  or  at  right  angles  the  other  hand,  it  is  much  lo  be 
with  the  placenta.— The  situation  of  doubted  whether  its  presence  or  ab- 
the  foramen  of  the  ovule  is  a  circum-  sence  deserves  much  attention  in  orders 
stance  that  should  always  be  taken  which  are  called  by  German  botanists 
into  account,  because  it  indicates  with  subalbuminous,  where  it  is  a  mere 
certainty  the  future   poaition  of  the  residuum,— that  is  to  say,  where  the 

Uofab  irhich  it  is  of  importance  to  «m\>rjo  axA  ^IVmsdaxl  «n  of  nearly 
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squal  bulk ;  for  it  should  be  remem-  of  subordinate  divisions  in  Ihe  orders. 

^ered,  that  it  always  exists  in  seeds  at  For  instance,  both  a  straight  embryo 

lome  period  of  their  existence,  and  that  and  one  with  the  radicle  bent  down 

its  remains  may  very  well  be  expected  upon  the  cotyledons  occur  in  Fabacese ; 

to  be  found  in  almost  any  seeds;  thus,  but  the  first  marks  tlie  Papilionaceous 

in'fact,  both  albuminous  and  exalbu-  division,  and  the  last  the  two  sroups  of 

minoui  seeds  are  found  in  Proteaceae  Caesalpiniese  and  Mimoseae.     Brassica> 

(Brown  in  Linn,  Trans,  x.  36) ;  even  ceae,  Capparidaceee,  Resedaceae,  Mcni- 

in  Kosaceae,  which  are  as  free  from  spermaceae,  &c.  have  a  curved  embryo ; 

remains  of  albumen  as  any  order,  it  is  Malvaceae  and  Convolvulaceae  a  crum- 

■aid  to  be  distinctly  present  in  Neillia,  pled  one  ;  but  in  Silenaceae  we  have 

and  in  other  orders  traces  of  it  are  to  be  both  a  straight  and  annular  one,  and  in 

seen  adhering  to  the  inner  membrane  of  Chenopodiaceae  and  others  equal  un- 

the  testa. — The  texture  of  the  albumen  certainty  exists, 
iaftequently  consulted  with  advantage;        The   only   remaining    character  of 

in  all  Cinchonaceae  it  is  horny  or  fleshy ;  vegetation   which   it   is   necessary  to 

Euphorbiaceae,  oily  ;  Grasses,  Polygo-  notice  is  a  singular  and  very  uncommon 

naceae,   Chenopodiaceae,     mealy  ;     in  one,  which  distinguishes  a  few  small 

Anonacese,  it  is  ruminated,  &c. ;  but  famiUes  of  plants.    This  consists  in  the 

among  Apocynaceae,  which  have  solid  presence  of  the  remains  of  the  Amnios 

albumen,  it  is  ruminated  in  Alyxia.  around  the  embryo  in  its  perfect  state : 

The  direction  of  the  £mbryo  within  the  Amnios  always  surrounds  the  em- 

the  testa,  which  is  indicated  in  the  ovule  bryo  in  an  early  state,  but  is  most  com- 

bv  the  foramen,  is  one  of  the  very  few  monly  absorbed  before  the  formation  of 

enaracters  to  which  we  know  of  no  ex-  the  embryo  is  completed ;  but  in  Sau- 

oeptions;   and   if  it  were  a  less  ob-  ruraceae,   Piperaceae,  and  Nymphsea- 

seure  point  of  structure,  it  would  be  ceae,  it  remains  around  the  embryo  in 

consequently  one  of  the  most  useful,  the  form  of  a  sac,  which  was  mistaken 

For  example,  in  all  Cistaceae,  Urticaceae,  by  Richard,  who  did  not  understand  its 

and  Polygonaccae,  the  radicle   is  not  nature,  for  a  peculiar  appendage  of  the 

turned  towards  the  hilum,  as  in  other  embryo,  or  rather  for  a  particular  form 

tribes,  but  takes  an  opposite  direction ;  of  the  radicle. 
and  these  orders  are  distinguished  from 

their  allies  by  this,  better  than  by  any  P«*Tynot.  vttt 

other  known  character.  i^hapter  vijj. 

The  number  of  Cotyledons  is  one  of  0/ the  practical  application  of  the/ore- 
the  means  of  distinguishins:  the  great  going  principles, 

natural   divisions  called   Monocotyle-  z'    • 

dons.  Dicotyledons,  and  Acotyledons.  If  the  foregoing  principles  have  been 

There  are,  however,  plants  among  Mo-  rightly  understood,    their  application 

nocotyledons  with  two  cotyledons,  as  will  lead  to  the  formation  of  a  Na- 

the  common  Wheat ;  and  among  Dico-  tural  arrangement  of  all  known  plants ; 

tyledons  with  only  one,  as  Penaea  and  by  which  we  must  be  understood  to 

some  Myrtaceae ;  or  even  none,  as  Cus-  mean  an  arrangement  wherein  all  the 

cat  a  and  Utricularia ;    or  several,  as  groups  will    consist   of  species  more 

Schizopetalon  in  Brassicaceae,  Amsinc-  nearly  related  to  each  other  than  to  any 

kia in Boraginaceae,  Ceratophyllece, and  thing  else;   where  every  genus,  alli- 

most    Pinaceae.— The  position  of  the  ance,  group,  &c.  will  consist  of  species, 

embryo  with  respect  to  the  albumen  is  &c.,  in  the  closest  affinity  with  each 

of  variable  importance;  in  all  Grasses  other. 

it  is  lateral,  in  Cyperaceae  it  is  enclosed        If  it  could  be  shown  that  in  all  cases  of 

within  the  base  of  the  albumen,  and  affinity  one  character  would  be  stronger 

thus  it  furnishes  an  absolute  distinc-  than  all  others,  another  result  would  be 

tion   between    those   two    important  that  there  could  be  but  one  Natural  Sys- 

orders.      But    among     Polygonaceae,  tem,  and  that,  however  long  botanists 

Rheum  has  it  in  the  centre  of  its  albu-  might  be  in  discovering  it,  they  must 

men,  and  Rumex  on  one  side.— -Differ-  at  last  and  inevitably  arrive  at  the  one 

ences  in  the  manner  in  which  the  em-  system  and  no  other ;  and  this  proposi- 

bryo  is  folded  up  are  always  of  great  tion  is  actually  maintained    by  some 
consequence;  because,  although  they    naturalists.     But  there  are   probably 
may  vary  in  particular  natural  orders,    no  cases  in  which  \X\eT^  '\&  ^  "^x^y^tv- 
jet  tl^y  are  in  luch  cases  characterutie   derating  af&cttX^  Va  ow^  ^vc^Vv^xw  ^\i&. 
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one  only:  on  the  contrary,  the  equal  "has  for  itf  veiy  aim  to  interweate  all 
affinities  of  plants  are  numerous  and  the  objects  of  nature  in  a  close  and 
complicated,  and  in  many  respects  it  is  compact  web  of  mutual  dependence," 
impossible  to  demonstrate  what  their  so  it  is  really  of  little  importance 
relative  value  really  is ;  consequently,  whether  the  intermediate  grouping  of 
instead  of  one  certain  and  inevitable  plants  is  more  or  less  artificial,  aa  it 
result,  instead  of  one  fixed  and  immuta-  must  necessarily  be  so  in  some  degree. 
ble  system  to  which  the  apphcation  of  But  this  we  think  is  a  great  and 
certain  admitted  principles  must  of  ne-  very  important  mistake.  It  surely 
cessity  lead,  several  systems  have  been  does  not  follow  that  because  our  finite 
and  may  still  be  devised,  all  of  which  means  are  incapable  of  explaining 
are  natural  and  yet  all  different :  not,  altogether  what  is  infinite,  that  there- 
however,  different  in  their  great  leading  fore  we  should  not  make  the  best  use  of 
features,  but  in  their  BulK)rdinate  de-  the  means  of  explanation  that  we  actu- 
tails.  The  great  leading  features  of  a  ally  possess;  and  yet  this  is  the  aame 
system  consist  in  the  orders  or  first  thing  as  to  say  that,  because  a  part  of 
groups  of  genera,  and  in  the  classes  or  the  most  natural  arrangement  must  ne- 
last  groups  of  orders.  About  these  there  cessarily  be  in  some  measure  aHifi- 
can  be  only  one  opinion,  whenever  all  cial,  it  does  not  matter  how  artificial  it 
the  data  requisite  for  certainty  shall  all  is.  It  might  as  well  be  said,  that 
have  been  collected;  whatever  differ-  because  additions  to  the  amount  of  our 
ences  in  opinion  concerning  them  may  knowledge  of  species  are  daily  aecniing, 
now  exist,ari8efrom  the  absence  of  many  and  because  so  long  as  these  additions 
important  data.  But  as  to  the  arrange-  are  taking  place  our  ideas  of  systematic 
ment  of  the  genera  in  the  orders,  or  of  arrangements  will  be  changing,  theie- 
the  orders  in  the  classes,  that  aJways  fore  it  is  not  worth  occupying  oursdres 
has  been  and  ever  will  be  a  matter  about  with  systematic  arrangements  at  aU, 
which  opinion  will  vary  according  as  until  every  existing  species  has  become 
new  facts  are  made  known,  or  as  per-  correctly  known.  To  admit  such  doc- 
sons  take  different  views  of  the  same  trine  as  this  would  be  to  give  up  the 
facts.  However  wrong,  therefore,  Fries  search  for  perfection  in  any  thing; 
may  be  in  asserting  that  there  is  no  no  one  can  hope  to  attain  perfec- 
such  thing  as  an  artificial  system,  he  is  tion ;  and  there  can  be  no  reasonable 
not  far  wrong  in  asserting  that  there  is  doubt,  that  new  points  of  view  and  con- 
no  absolutely  natural  system,  because  tinual  improvements  of  what  has  gone 
all  systems,  as  tar  as  their  arrangement  before  will  be  occurring  to  those  who 
is  concerned,  are  necessarily  artificial ;  shall  live  a  thousand  years  hence, 
and  a  system  which  to-day  is  called  The  true  method  of  proceeding,  with 
Natural,  may  to-murrow  become,  by  regard  to  the  principles  treated  of  in 
the  accession  of  new  ideas,  artificial;  previous  chapters,  is  to  arrange  the  ss- 
as  thatofTournefort,  &c.  semblages  intermediate  between  the 
Nevertheless,  it  is  very  possible  that  highest  and  lowest  combinations  in  a 

{)articular  modes  of  arrangement  may  manner  as  little  artificicd  as  exiiting 
)e  less  natural  than  others  ;  that  is  to  circumstances  will  allow, 
say,  may  be  less  calculated  to  keep  So  little,  however,  has  this  been  al- 
together corresponding  assemblages  ;  tended  to,  that  in  speaking  of  the  Na- 
and  that  others  may  be  perfectly  natural  tural  System  of  Botany  as  a  whole,  we 
in  their  classes  and  orders, but  purely  ar-  shall  be  obliged  to  pass  by  the  plans  of 
tificial  in  their  intermediate  details.  Thus,  Jussieu  and  De  CandoUe,  and  to  take 
Jussieu,  in  employing  the  single  and  for  the  basis  of  the  observations  in  the 
absolute  character  of  hypogynoiis,  peri-  succeeding  chapter,  some  one  of  those 
gynous,  and  epigynous  insertion  of  the  recent  systems,  which,  alt  hough  founded 
stamens,  rendered  all  his  system  artiti-  upon  the  writings  of  those  two  distin- 
cial  except  the  classes  and  orders  ;  and  guished  botanists,  in  the  same  manner 
De  Candolle,  in  adhering  to  the  same  as  theirs  are  upon  the  discoveries  and 
principle,  destroyed  in  a  great  degree  improvements  of  Ray  and  Toumefort, 
the  value  of  what  he  calls  his  cohorts.  differ  from  them  essentially  in  the  ar- 
It  may  be,  and  indeed  has  been  urged,  ranpement  of  what  we  have  designated 
that  as  a  lineal  arrangement  is  the  only  as  the  intermediate  assemblages.  We 
one  that  can  be  adopted  in  books,  and  are  the  more  induced  to  take  this  course, 
as  tiiis  is  altogether  incapable  of  indi-  because  we  have  no  space  in  this  essay 
eating  the  nature  of  a  system  which  V>  Txo\.\sft  aU.  tha  plana  that  luiTe  been 
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it  a  Natural  System.    Partly  tained,  and  will  never  be  determined ; 

IT  reason,  and  secondly  be-  although  our  microscopes  are  daily  ex- 

the  most  recent,  we  select  tendinjr  our  views,  the  polfs  of  vitality 

t  of  the  succeeding  chapter  will  never  be  reached.      It  is  better, 

1  of  Professor  Lindley,  im-  therefore,  to    set  out   from  a  certain 

\e  admits  it  to  be,  and  great  point  (the  centre)  than  from  an  uncer- 

changes  and  improvements  tain  point  (the  circumference),  which 

s  it  must  require  before  it  can  may  be  extended  to  infinity.    So  it  is 

tablished.  more  wise,  in  studying  Man,  to  take 

our  notions  of  humanity  from  those  in 

Chapter  IX.  whom  it  exists  in  the  highest  degree  of 

f  Natural  Systems.  perfection    rather  than  to  search  over- 

^  curiously  for  those  whose  mtellect  IS  ap- 

.L  System  is  a  classification     proximating  to  that  of  animals.'* 
according  to  their  respective        To  this  it  may  be  added,  that  we  really 
;o  that  those  shall  be  placed    know  much  less  of  simple  tt«an  of  com- 

other  which  correspond  in  plicated  forms,  and  it  is  contrary  to  all 
;t  number  of  particulars,  and  the  rules  of  logic  to  begin  by  objects 
itationed  most  remotely  that  that  aie  little  known  in  order  to  under- 
fewest  points  of  agreement,  stand  those  which  arc  better  known. 
1  our  power  to  put  this  idea  "VVe  should  form  an  odd  notion  of  a  man 
ice  altogether ;  we  are  there-  from  a  monad,  but  we  should  be  able  to 
id  to  add,  that  those  also  are  understand  a  monad  from  our  know- 
^stems  in  which  the  principle    ledge  of  a  man. 

zed  as  essential  and  funua-  Taking  then  this  method  of  com- 
mencing our  inquiry — we  find  that  the 
ifying  either  the  vegetable  or  most  c(»mplete  cases  of  structure  that 
igdoms,  two  diametrically  op-  can  be  discovered  are  those  where,  in 
thods  maybe  pursued,  both  addition  to  stems  and  leaves  wherewith 
hall  be  strictly  natural.  We  to  grow,  and  seed  by  which  to  multi- 
r  proceed  from  the  most  im-  ply,  there  is  a  peculiar  and  complicated 
rms  of  organization,  or  cor-  sexual  apparatus  of  stamens  and  pistils 
taking  the  most  simple,  for  by  the  action  of  which  the  seeas  are 
ng  is  equally  perfect  after  fertilized.  These,  the  most  perfect  forms 
to  the  most  complicated  ;  or    of  plants,  have  also  other  characters  in 

most  complicated  to  the  common,  all  of  which  indicate  a  higher 
pie.  The  first  is  the  course  grade  of  organization  ;  they  have 
y  Jussieu ;  the  latter  is  that  flowers ;  they  are  anatomically  com- 
id  De  Candolle.  It  may  at  posed  of  cellular  tissue  and  spiral 
appear  to  he  of  little  moment  vessels,  and  the  seeds  which  they  pro- 
hese  methods  is  pursued ;  but  duce  have  two  definite  points  of  growth, 
with  Fries  and  De  Candolle,  of  which  one  becomes  invariably  a 
ility  there  is  a  material  differ-  stem,  and  the  other  a  root.  Those 
•een  these  plans.  "  To  me,"  plants,  on  the  contrary,  which  have  no 
r  says,  *'  it  appears  most  ad-  sexual  apparatus,  are  also  destitute  of 
commence  with  that  which  is  flowers ;  they  have  no  true  spiral  vessels 
•ct,  most  completely  developed,  in  their  anatomical  structure,  but  grow 
fore  most  easily  understood  ;  chiefly  byaid  of  their  cellular  tissue,  and 
e  to  descend  to  forms  of  a  more  the  seeds  which  they  produce  have  no 
kind,  and  therefore  of  a  more  definite  points  of  growth,  but  produce 
nature.  The  half-developed  stem  or  root  indifferently  fi-om  any 
ft  he  lower  forms  of  the  creation  point  of  their  surface;  their  seed  is 
rer  be  understood,  if  they  were  therefore  different  from  true  seed,  and 
completely  developed  m  the  is  called  a  spore  or  sporule.  This  first 
•ms.  This  is  the  path  which  examination  shows  then  that  we  have 
I  out  both  by  experience  and  two  sorts  of  plants  differing  essentially 
tense :  the  idea  of  a  seed  is  not  in  the  degree  of  their  developement,  in 
omanUredo,  northatofavege-  the  manner  in  which  they  are  multi- 
1  an  Erineum;  but  the  reverse,  plied,  in  the  means  by  which  tlieir  v.tal 
ispecially  true  of  those  lower  actions  are  performed,  and  consequently 
fhich  brine  up  the  rear:  the  in  their  whole  mode  oC^xv%\.^ti^^.  '\>c«*fc 
of  simplicity  will  never  be  at-   may  be  pioN'tt\o\i«^^  i^^V  to^iXL>2tt»  \— 
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Sexual.  —  Flowering.  —Vascular.  — 
Seminiferous. 

Asexual.  —  Flowerless.— Cellular. — 
Sporiferous. 

Viewed  in  another  way,  namely,  with 
reference  to  [their  manner  of  growth, 
plants  again  divide  into  two  wholly  dif- 
ferent series ;  in  one  of  which  the  trunk 
every  year  after  its  first  formation  either 
actually  increases  in  diameter  or  adds 
new  matter  to  its  solid  contents ;  and 
this  series  comprehends  two  parallel  and 
essential!]^  dissimilar  types,  in  which 
one  adds  its  new  matter  to  the  outside 
of  its  wood  near  the  circumference  of 
the  stem,  and  the  other  to  the  inside  of 
its  wood  near  the  centre ;  the  first  are 
ExooBNs,  the  latter  Endooens.    In 
the  other  series  the  stem,  when  once 
formed,  neither  increases  in  diameter  nor 
adds  new  matter  to  its  solid  contents ; 
but  merely  lengthens  at  its  extremity ; 
such  plants  are  Acrooens.    This  is 
another  set  of  fundamental  peculiarities 
which  will  necessarily  regulate  some  of 
the  most  important  vital  actions  of  the 
species    comprehended    under    them. 
Upon  comparing  these  series  with  the 
firstclass  of  peculiarities,  it  appears  that 
Exogens  and  Endogens  are  uniformly 
Sexual,  &c. ;  and  that  Acrogcns  are  as 
uniformly  Asexual ;    hence   we    have 
three  great  fundamental  groups  instead 
of  two— namely, 

1 .  Sexual.  —  Flowering.  —  Vascular. 
— Seminiferous. — Exogens. 

2.  Sexual.  —  Flowering.  —  Vascular. 
— Seminiferous. — Endogens. 

3.  Asexual.— Flowerless.  —  Cellular. 
— Sporiferous. — Acrogens. 

Each  of  these  three  groups  has  other 
peculiarities,  which  mark  it  in  one  way 
or  another.  Exogens  have  an  embryo 
with  two  cotyledons  (Dicotyledons) ; 
in  germination,  their  young  root  springs 
directly  from  the  apex  of  the  radicle 
(Exorhizal) ;  their  leaves  have  netted 
veins,  if  any  ;  the  parts  of  their  flowers 
arc  usually  arranged  upon  a  quinary  or 
quaternary  plan.  Endogens  have  an 
embryo  with  one  cotyledon  (Monocoty- 
ledons); in  germination,  their  young 
root  springs  from  within  the  point  of 
the  radicle  (Endorhizal) ;  their  leaves 
have  simple  parallel  veins,  if  any  ;  the 
parts  of  their  flower  are  usually  ar- 
ranged upon  a  ternary  plan.  Acrogens 
have  no  embryo,  and  consequently  no 
cotyledons  (Acotyledons) ;  in  germina- 
tion, their  young  root  springs  from  any 
part  of  the  spore  (Heterorhizal) ;  their 
leaves  have  forked  veinsi  if  any  *,  ^ovreis 


Exogens, 


or 


Dicotyledons, 


Endogens, 
or 


Acrogens, 
or 


they  have  none.  These  varioas  cir- 
cumstances place  the  distinctions  be- 
tween the  three  fundamental  classes  io 
a  still  stronger  light ;  and  serve  to  show 
that  when  plants  differ  in  one  veiyesscA- 
tial  character,  they  also  differ  in  otheis, 
the  number  of  which  will  be  in  pro- 
portion to  the  importance  of  the  unt 
character.  If  we  again  combine  all 
these  equivalent  and  corresponding 
characters  in  a  rather  different  man- 
ner, they  will  finally  ofiTer  the  following 
contrast. 

[have  sexes,  spiral  ves- 
I  sels,    seeds,    4-5-nary 
i  flowers,  netted-vcined 
leaves,  exorhizal  ger- 
mination. 

'have  sexes,  spiral  ves- 
sels,   seeds,    3  -  naiy 
/  flowers,  parallel-vein- 
Monocotyledons  led  leaves,  endorhiztl 

germination, 
have  no  sexes,  no  spi- 
ral vessels,  spores,  no 
1  flowers,  forked  veined 
leaves,  heterorhizal 
germination. 

Tliese  distinctions  speak  sd  directly 
to  our  senses,  that  no  person  when  he 
has  once  understood  them  would  be  at 
all  likely  to  call  them  in  doubt.  To 
know  that  the  forest  trees  and  hushes, 
and  the  common  herbs  of  the  field,  are 
Exogens  ;  that  Palms,  and  Lilies,  and 
Hushes,  and  Grasses,  are  Kndogens; 
and  that  Acrogens  answer  to  Ferns  and 
Mosses,  and  Lichens  and  Fungi,  is 
quite  sufHcicnt  to  impress  the  mind 
with  a  general,  if  not  a  veiy  distinct 
perception,  that  while  these  givupi 
called  classes  are  totally  different  from 
each  other,  they  have  great  and  obvi- 
ous marks  of  correspondence  among 
themselves. 

There  are  many  who  believe  that 
these  arc  the  only  classes  into  which 
the  vegetable  kingdom  is  capable  of 
being  divided.  But  others  add  two 
more.  From  Exogens  are  struck  off 
those  curious  plants  which,  having 
sexes,  nevertheless  have  them  in  a  sin- 
gularly incomplete  state ;  their  young 
ovules  being  fertilized  by  direct  contact 
with  the  pollen,  instead  of  through  the 
intervention  of  a  style  and  stigma ;  in 
these  plants,  moreover,  the  vascular 
system  is  more  imperfect  than  in  other 
Exogens,  and  their  leaves,  if  veined, 
have  either  the  forked  veins  of  Acro- 
gens or  the  parallel  veins  of  Endogens. 
TVie^  m^^  xYi«K\st^  Vs(^   reasonably 
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looked  upon  as  b  fourth  class,  and  are  are  admitted  by    Professor   Lindley. 

called  CKriiNOSPERMs.  Subordinate   to  them    are   numerous 

Finallythere  are  certain  plants  which,  groups,   each  divided   into   alliances, 

^o  an  appearance  like  that  of  Fungi,  under  which  tlie    orders   are  finally 

and  an  almost  total  absence  of  spiral  arranged. 

Teasels*  add  the  ilowers  of  Endogens,  Of  the  genera  we  can  of  course  give 

and   the   spores    of  Acrogens,   nave  no  account  in  a  short  treatise  like  this ; 

Mses,  and  the  result  of  their  sexuality  is  but  such  an  abstract  as  the  following,  of 

■ot  an  embryo,  but  a  homogeneous  re-  the  characters  of  the  higher  combina- 

productive  body,  with  neither  radicle  tions,  is  necessary,  to  render  the  fore- 

nor  cotyledons.    They  are  supposed  to  going  discussion  either  useful  or  intel- 

be,  in  all  cases,  parasitical  on  roots,  and  ligible.    For  a  full  explanation  of  the 

hence  have  gained  the  name  of  Rhi-  more  special  reasons  upon  which  the 

ZANTHS  ;  they  constitute  a  fiClh  class.  system  is  founded,  the  reader  is  referred 

These  five  classes,  viz ,  to  the  work  itself  from  which  these 

1.  Exogens,  characters  are  abridged.* 

2.  GymnOSpermS,  .  ^  Natural  Sy»tom  of  IJotany :  or  a  SyilcraaUc 

3.  KndOgenS,  view ortUeOrgauixatiou, Natural .Vfl1nitiPs,amUlco> 

4.  Rhizanths,  graphical  putriliutlon  of  the  Vegotalile  Kiutjdiwi. 
.A  Uy  Jolm  ijin«Utiv,  Ph.  1).   &c.,   Socoml  tuition. 

5.  Acrogens,  Loudou.  1836.  " 


THE  NATURAL  ORDERS  OF  PLANTS. 


Class  L-EXOGENS  OR  DICOTYLEDONS. 

Elementary  organs  consisting  of  I)oth  cellular  and  vascular  tissue,  a  portion  of 
the  latter  being  elastic  spiral  vessels.  Trunk  increasing;  by  an  animal  d(>posit  of 
new  wood  and  cortical  matter  between  the  wood  and  bark.  Leaves  aKiculated 
with  the  stem,  their  veins  reticulated.  Propagation  effected  by  stamens  and 
pistils.    Ovules  in  a  pericarp,  embr>'0  with  two  or  moi*e  opposite  cotyledons'. 

Sub-class  I.— POLYPETALiii:. 

Floral  envelopes  consisting  of  both  calyx  and  corolla ;  the  latter  composed  of 
distinct  petals. 

Group  1.— 9Ibumiuo£lac 

The  albumen  very  considerably  larger  than  the  embryo,  and  forming  the  great 
mass  of  seed. 

"   Alliance  I.— Ranales.     Herbaceous,  rarely  woodj,  plants;    either  with  the 
carpels  more  or  less  distinct,  or  if  that  is  not  the  case,  with  parietal  plucentce. 

Order  I . — Ranunculacerp.  Sepals  3-6,  deciduous.  Petals  3- 1 5.  Stamens  hypo- 
gynous,  anthers  adnate.  Carpels  numerous,  or  united  into  a  single  pistil.  Seeds 
either  erect  or  pendulous.    Herbs  or  shrubs.     Leaves  with  the  petiole  dilated. 

Sub-order  Podophyllerp.  Sepals  3.  Petals  in  two  or  three  rows.  Stamens 
hypogynous;  anthers  linear  or  oval.  Torus  not  enlarged.  Fruit  1 -celled.  Seeds 
sometimes  having  an  aril.    Herbaceous  plants.    Leaves  lobed. 

Order  2. — Papaveracetp.  Sepals  2.  Petals  either  4  or  some  multiple  of  that 
number.  Stamens  hypogynous,  generally  numerous.  Fruit  l-cellcvl  with  parietal 

£Ucent8e.    Seeds  numerous.    Herbaceous  plants  or  shrubs  with  a  milky  juice. 
«aves  alternate. 

Sub-order-^ Fumarieeff,  Sepals  2.  Petals  4  ;  parallel ;  the  outer  one  or  botii 
saccate  at  the  base.  Stamens  6,  in  2  parcels.  Herbaceous  plants  with  brittle 
stems  and  a  watery  juice. 

Order  3. — Symph^vacete.    Sepals  and  petals  imbricated,  passing  gradually 
into  each  other.    Stamens  numerous,  inserted  above  the  petals  into  the  disk  ; 
filaments  petaloid ;  disk  lar^e,  fleshy.    Fruit  many-celled.   S<i^^  n^^'j  \\\\m^xv^v^^^ 
attached  to  spongy  dissepiments.    £mbryo  oa  lYi«  ou\«iOaq^  \\v^  >n^s^^\  'C'ca 
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albumen,  in  a  bag.  Herbs  with  peltate  or  cordate  fleshy  leavei»  growing  in 
quiet  water. 

Sub-ortier—Hydropeltidea.  Sepals  3  or  4.  Petals  3  or  4.  Stamens  defiiute 
or  indefinite.  Ovaries  2  or  more ;  fruit  indehiscent.  Seeds  definite.  Aquatic 
plants  with  floatinf^  leaves. 

Order  A.—Nelumbiaceee,  Sepals  4  or  5.  Petals  numerous.  Stamens  nnmei^ 
ous.  Disk  fleshy,  enclosine^  in  hollows  of  its  substance  the  ovaries,  which  are 
monospermous.  Nuts  nunierous,  half  buried  in  the  disk.  Herbs  with  pdtalSk 
floating:  leaves. 

Alliance  2.— Anonales.  Woody  plants  in  all  cases,  often  trees  with  the  fruit 
mmposed  of  distinct  carpels,  tchv-h  occasionally  ^roto  together  into  a  solid  mast. 
The  valves  of  the  anthers  separating  by  a  perpendicular  line. 

Order  5. — Cephahtacecr,  Calyx  coloured,  six  parted,  with  a  valvate  eestivsr 
tion.  Corolla  0.  Stamens  12.  Carpels  6,  one-seoded ;  ovule  erect.  A  stemlen 
herb  with  operculafc  pitchers.    Flowers  small. 

Order  6. — Myristiracea*.  Flowers  unisexual.  Calyx  trifid.  Ovary  superior, 
with  a  sint^lc  erect  ovule.  Fruit  2-valved.  Seed  enveloped  in  a  many-parted  aiil; 
albumen  ruminate.   Tropical  trees,  often  yielding  a  red  juice. 

Order  7.-Masnoliare€c,  Sepals  3-6.  Petals  3-27.  Stamens  indeflnite.  Car- 
pels numerous,  distinct  or  consolidated.  Trees  or  shrubs  with  convolute  stipulia 
Flowers  large,  solitary. 

Onler  ^,-~JVinteracefe,  Sepals  2-6.  Petals  2-30.  Stamens  hypogyooiBL 
Ovaries  1 -celled  with  suspended  or  erect  ovules.  Fruit  consisting  of  a  sin^ 
row  of  carnels.  Seeds  with  or  without  aril.  Shrubs  or  small  trees.  Leaves 
alternate,  dotted,  with  convolute  deciduous  stipules.     Floviers  often  brown. 

Order  9. — Anonacea*.  Sepals  3-4,  Petals  6,  coriaceous,  with  a  valvnlsr 
estivation.  Stamens  indefinite  ;  filaments  angular.  Ovaries  numerous.  Frail 
succulent  or  dr}',  with  the  carpels  1  or  many-seed cil,  se^mrate  or  consolidate. 
Albumen  ruminate.  Trees  or  shrubs.  Leaves  without  stipules.  Flowers  axillsiT. 

Sub'order—Schizandrerp.  Trailing  plants  with  unisexual  flowers,  monadtf^' 
phous  stamens,  and  solid  albumen. 

Ordfir  \0.—Dillcmarec/\  Sepals  5;  2  exterior,  3  interior.  Petals  5.  Sta- 
mens indefinite.  Ovaries  definite.  Carpels  baccate  or  2-valved.  Seeds  »u^ 
rounded  by  a  pulny  aril.  P^mbryo  in  solid  fleshy  albumen.  Ti*ees,  shrubs  or 
under-shrii\)s,  rarely  herbaceous,  leaves  without  stipules.     Flowers  ol\en  yellow. 

Alliance  3. — Umbellales.  Mowers  usually  disposed  in  umbels.  Calyx  superior. 
Disk  cpi^ryjious,  very  thick,  in  two  or  more  pieces.  Carpels  always  l-seed^^ 
!<tem.s'  usually  liollnw. 

Order  \\,—Apiareff'  or  Umhellifera\  Calyx  entire  or  '>-toothed.  Petals  5, 
usually  inflexed  at  the  point.  Stamens  J,  alternate  with  the  petals.  Ov»rT 
•J-celled.  Fruit  consisting  of  2  carpels,  separable  from  a  common  axis.  Seed 
pendulous.     Herbaceous  plants  witii  fistular  stems.     Flowers  in  umbels. 

Order  V>,^AruNaceff\  Calyx  entire  or  toothed.  Petals  5-10.  Stamens  equal 
to  the  petals  or  twice  as  many,  arisins:  from  without  an  epitcynous  disk.  Ovary 
with  more  cells  than  two.  Fruit  succulent  or  dry,  consisting  of  several  l-seeiletl 
cells.  Seeds  pendulous.  Trees,  shrubs,  or  herbaceous  plants,  with  tlie  habit  of 
Apiaceue. 

Alliance  4.— Giossales.  Flowers  never  arranged  in  unibeh.  Calyx  superior, 
cpigynous.  Disk,  if  present,  not  in  several  pieces.  Carpels  ustially  many- 
seeded,  with  the  seeds  distinct  from  the  pcricarjK     Stem  sofid. 


separating;    ajstivation  imbricateil.     Stamens  arising  from   the  Ci»lyx.    Di*k 

}  in 
the 
.  embryo  in  oify  albumen.'    Shrubs  with 
alternate,  toothed,  glandular,  exsti|)ulate  leaves. 

Order  ib.—Bruniacece.    Calyx  5-cleft,  imbricated.    Petals  imbricated.    Sta- 
mens alternate  with  the  petals  -,  anVYvei^  \.>\xTi^  <^>9LVK«xd.    Q?aiy  half  infeiior 


conical,  epigynous.  Ovary  2-celled,  with  two  large  polyspermous  placenta*  : 
the  axis  :  sti-rma  2-lobed.  Fruit  capsular,  splitting  by  the  separation  of  tl 
cells  at  their  base.    Seeds  minute ;  embryo  in  oily  albumen.     Shrubs  wit 
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wHb  IhHii  1  to  3  eells.  Orules  tuipendcd,  1-2.  Stigma  simple.  Fruit  crowned 
by  the  permAnent  calyx.  Seeds  sometimes  with  a  short  aril.  Branched  heath- 
like shrabe.    Flowers  often  capitate. 

Alliance  5. — Berberales.    Anthers  bursting  by  recurved  valves, 

'  Order  l^.^Berberace€e,  Sepals  3-4-6,  in  a  double  row.  Petals  sometimes 
ifUh  an  appendage  at  the  base.  Stamens  equal  in  number  to  the  petals,  and 
Mponte  to  them ;  anthers  opening  elastically  with  a  valve  from  the  bottom  to 
toe  top.  Ovary  solitary,  1-celled.  Seeds  attached  to  the  bottom  of  the  cell, 
l,^  2,  or  3,  albumen  between  fleshy  and  corneous.  Shrubs  or  herbaceous  peren- 
nud  plants.    Leaves  alternate,  compound,  usually  without  stipules. 

Alliance  6. — Pittosporales.  Carpels  all  combined  into  a  solid  ovary,  with  a 
single  style,    Placentcp  central.    Stamens  never  epigynous. 

Order  1 7. — Vitaceof.  Calyx  small,  nearly  entire.  Petals  in  aestivation  valvate 
and  often  inflected  at  the  point ;  stamens  opposite  them«  inserted  upon  the 
disk.  Ovary  2-celIed;  ovules  erect,  deflnite.  Berry  pulpy;  albumen  hard. 
Serambling,  climbmg  shrubs,  with  tumid  separable  jomts.  Leaves  with  sti- 
pules.   Flowers  small  green. 

Order  \B,-'Pittosporaceip,  Sepals  deciduous,  imbricated.  Petals  hypog]^- 
ns,  imbricated.  Stamens  5,  hypogvnous.  Ovary  single,  many-seeded.  Frmt 
osular  or  berried,  with  many-seeded  cells  which  are  sometimes  incomplete. 
Albumen  fleshy.  Leaves  simple,  alternate,  without  stipules. 
'  Order  Id.^Olacacea,  Calyx  small.  Anally  enlarged.  Petals  valvate,  separate 
or-  oohering  in  pairs.  Stamens  definite,  part  fertile,  part  sterile,  hypo^nous. 
Ovary  1-celled,  with  3  ovules  pendulous  from  a  central  column.  Fruit  inde- 
biicent,  frequently  surrounded  by  the  enlarged  calyx,  l-seeded.  Seed  pendulous. 
Bwes  or  shrubs  often  spiny.    Leaves  alternate,  entire,  without  stipules. 

Order  20. — Francoacecp.  Calyx  4-cleft.  Petals  4.  Stamens  sub-hypogynous, 
^r  times  as  numerous  as  the  petals,  alternately  rudimentary.  Ovary  with  4 
iMIs;  ovules  numerous.  Capsule  4-valved.  Seeds  numerous,  minute.  Herba- 
seous  plants,  with  lobed  or  pinnated  leaves,  without  stipules.  Petals  persistent. 
Order  2\.Sarraceniaceee,  Sepals  5,  imbricate.  Petals  5,  unguiculate, 
Boncave.    Stamens  indefinite,  hypogynous.    Ovary  5-celled ;  stigma  very  large, 

Sltate.     Capsule  crowned  by  the  stigma.     Seeds  very  numerous,  minute, 
erbaceous   perennial  plants,   living  in  bogs.     Leaves  with  a  hollow  urn- 
shaped  petiole.    Scapes  oearing  one  large  flower. 

Group  2. — Cptgpnoi^ae. 

Ovary  inferior,  usually  having  an  epigynous  disk.  Seeds  not  having  a  dispro- 
portionate quantity  of  albumen. 

Alliance  l.  —  Onagrales.  ^Estivation  not  valvate,  PlacetitfP  central.  Every 
part  of  the  flower  some  regular  multiple  of  two.  In  most  cases  herbaceous 
plants. 

Order  22,— -Ona^raceep,  Calyx  tubular,  4-lobcd,  valvate.  Petals  regular,  with 
fen  twisted  aestivation.  Stamens  four  or  eight,  inserted  into  the  calyx.  Stigma 
<-lobed.  Fruit  many-seeded,  with  4  cells.  Seeds  without  albumen.  Herba- 
ceous plants  or  shrubs.    Leaves  alternate  or  opposite. 

Sub-order— Circ€ee€P,  Stamens  2.  Disk  large,  cup-shaped.  Ovary  2-celled. 
Ovules  solitary,  erect. 

Sub-order — Halorageee,  Calyx  minute.  Petals  minute  or  0.  Stamens  often 
fewer  than  ttie  lobes  of  calyx.    Ovules  solitary,  pendulous. 

Sub-order — Hydrocaryes,  Calyx  4-parted.  Petals  4.  Stamens  4.  Ovary 
i-eelled.  Ovules  solitary,  pendulous.  Fruit  horned,  1-celled.  Seed  solitary 
i^Hh  very  unequal  cotyledons.     Floating  plants. 

Alliance  2.— Myrtales.  JEstivation  not  valvate.  Placentce  occupyinir  the 
itntre  of  the  fruit.  Parts  of  the  flower  not  a  regular  multiple  of  any  number 
throughout.    In  most  cases  shrubby  plants  or  trees. 

Order  23. — Combretaeere.    Calyx  4-  or  5-lobed,  deciduous.    S\%m^xv6.  W\&.^  %& 
nany  as  the  segments  of  the  calyx,  or  three  times  as  mau^.  O^ax^  \-c^Ckft\^'«>^Xv 
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fh>m  2  to  4  oYulen,  hanging  from  the  apex  of  the  cavity.  Seed  without  albnnen ; 
cotyledons  usually  convolate.    Trees  or  shrubs.    Leaves  without  gtipulea. 

fJrder  2A.—Alanfriace€B.  Calyx  campanulate,  5-10-toothed.  Petals  5-10. 
linear,  reflexed.  Stamens  two  or  four  times  as  numerous  as  the  petals.  Drupe 
1 -celled,  bony.  Seed  inverted ;  albumen  fleshy;  cotyledons  flat.  Large  treei. 
Branches  often  spiny.    Leaves  alternate,  without  stipules,  entire,  without  dott. 

Order  25.—Rhizophoraceaf,  Calyx  with  the  lobes  varying,  from  4  to  13. 
Petals  alternate  with  the  lobes.  Stamens  twice  or  thrice  their  number.  Ovary 
2-cclled,  each  cell  containing  two  or  more  pendulous  ovules.  Fruit  indehiscent. 
crowned  by  the  calyx,  1 -celled,  1 -seeded.  Seed  without  albumen.  Coast  trees 
or  shrubs.    Leaves  opposite,  with  stipules  between  the  petioles. 

Order  26. — Memecylacerp.  Calyx  4-  or  5-lobed  or  toothed.  Stamens  8-10 ; 
anthers  incurved.  Ovary  2-4,  rarely  S-celled ;  ovules  solitary,  pendulous.  Fruit 
crowned  by  the  calyx,  indehiscent.  Seeds  without  albumen ;  cotvledons  (lilia- 
ceous, convolute.    Shrubs.    Leaves  opposite  without  stipules  or  dots. 

Order  27. — Melastomacete,  Calyx  cohering  with  the  angles  of  the  ovary. 
Petals  twisted  in  aestivation  ;  filaments  curved  downwards  in  sestivation ; 
anthers  long,  2-celled,  elongated  beyond  the  insertion  of  the  filament.  Ovtry 
with  several  cells,  and  indefinite  ovules.  Pericarp  with  placentse  attached  to 
a  central  column.  Seeds  innumerable.  Trees,  shrubs,  or  herbaceous  plantiu 
Leaves  opposite,  with  several  ribs. 

Order  28. — Myrtacece,  Calyx  4-  or  5-cleft,  sometimes  like  a  cap.  Petals 
quincuncial.  Stamens  indefinite  ;  anthers  ovate,  small.  Ovary  1-2-4 -5 -6 -celled. 
Fruit  cither  dry  or  fleshy.  Seeds  indefinite  ;  embryo  without  albumen.  Trett 
or  shrubs.  Leaves  opposite,  with  transparent  dots,  and  a  vein  running  paraM 
with  their  margin. 

Sub-order  f —Barringtoniete.    Leaves  alternate,  stipulate,  without  dots. 

Order  29. — Lecyifiidaceep.  Calyx  2-  to  6-leaved,  or  urceolate.  Petals  with 
an  imbricated  sestivation.  Stamens  indefinite,  epigynous,  either  cucullate  or 
monadelphous.  Ovary  2-  to  G-celled ;  ovules  attached  to  the  axis.  Fruit  woody. 
Seeds  several;  embryo  without  albumen.  Large  trees,  with  alternate  entire 
or  toothed  leaves,  with  minute  stipules,  without  dots.  Flowers  large,  showy, 
terminal. 

Order  30.— Philadelphacecr,  Calyx  persistent,  having  from  4  to  10  divisions. 
Petals  convoluteimbricate.  Stamens  indefinite.  Styles  distinct,  or  consoli- 
dated ;  stigmas  several.  Capsule  with  4  to  10  cells,  many  seeded.  Seeds 
scobilbrm  ;  aril  loose,  membranous.  Albumen  fleshy.  Shrubs.  Leaves  decidu- 
ous, opposite,  without  dots  or  stipules.     Flowers  always  white. 

Alliance  3. — Cornales.    Estivation  of  corolla  i^alvate. 

Order  Zl.—Hamamelttcecu,  Calyx  in  4  pieces.  Petals  4.  linear.  Stamens 
8  ;  4  being  sterile.  Ovarv  2-celled  ;  ovules  solitary,  pendulous.  Fmit  capsular. 
Embryo  in  the  middle  of  horny  albumen.  Shrubs.  Leaves  alternate  with  deci- 
duous stipules.    Flowers  sometimes  unisexual. 

Order  32.—CornacefP.  Senals  4.  Petals  4,  oblong,  broad.  Stamens  4.  Dnipe 
crowned  by  the  calyx,  2-cclled.  Seeds  pendulous,  solitary.  Albumen  fleshy. 
Trees  or  shrubs,  seldom  herbs.  Leaves  (except  in  one  species)  opposite,  enlirt 
or  toothed. 

Ordfir  3:i.—Lorani/taceaf.  Calyx  with  2  bracts  at  the  base.  Corolla  with 
3/4  or  8  petals,  more  or  less  united  at  the  base,  valvate;  stamens  opposite  to 
them.  Ovary  1-celled ;  ovule  pendulous.  Fruit  succulent.  Seed  solitary: 
embryo  c^-lindrical,  longer  than  the  fleshy  albumen.  Parasitical  half  shrubby 
plants.    Leaves  opposite,  without  stipules. 

Alliance  4.-- Cucurbit  ales.  Placentce  pat  ietal.  Flowers  neither  with  a  valtaU 
corolla,  nor  with  any  other  character  appertaining  to  the  preceding  alliances,  ^. 

Order  3A.-^Cucurbitarere.  Flowers  unisexual.  Calyx  5-toothed.  Corolla  5- 
parted,  scarcely  distinguishable  from  the  calyx,  with  strongly  reticulated  veins. 
Stamens  5,  cither  distinct,  or  cohering  in  three  parcels ;  anthers  sinuous.  Ovaiy 
with  3  placentie;  stigmas  very  thick,  velvety  or  fringed.  Fruit  more  or  less 
succulent.  Seeds  flat,  in  an  aril ;  embno  flat,  with  no  albumen.  Annual  or 
perennial.  Stem  climbing  by  tendrils.  Leaves  palmdlcd,  or  with  palmate  ribs, 
covered  with  asperities. 
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'  Order  35.-^Loasace€P,  CalyT  3-parted.  Petals  5  or  10,  cncullate  wilh  an 
inflexed  SBstivation ;  the  interior  often  much  smaller.  Stamens  indefinite. 
Ovary  with  several  placenta:  or  with  1  fVee  central  lobed  one.  Fniit  capsular  or 
lacculent.  Seeds  numerous  without  aril ;  embryo  in  the  axis  of  fieshy  albumen. 
Herbaceous  i)lantt,  hispid,  with  pung^ent  hairs.    Leaves  without  stipules. 

Order  36. — Cactace€P,  Sepals  indefinite,  confounded  with  the  petals.  Stamens 
indefinite ;  filaments  long,  filiform.  Ovarv  with  numerous  placentae ;  stigmas 
numerous.  Fruit  succulent.  Seeds  without  albumen.  Succulent  shrubs, 
usually  destitute  of  leaves,  and  with  spinous  buds. 

Order  37. — Homaliaceee.  Calyx  funnel-shaped,  with  from  5  to  15  divisions. 
Petals  equal  to  them  in  number.  Glands  in  front  of  the  segments  of  the  calyx. 
Stamens  from  the  base  of  the  petals.  Ovary  half  inferior,  1-celled  with  numerous 
ovules ;  styles  from  3  to  5 ;  as  many  placentae  as  styles.  £mbryo  in  the  middle 
of  fleshy  albumen.    Trees  or  shrubs.    Leaves  alternate,  with  deciduous  stipules. 

Alliance  5.  —  Ficoidales.  Petals  narrow  and  numerous,  Piacentation  not 
parietal. 

Order  38. — Mesembryaceof  or  Ficoidece,  Sepals  definite,  succulent.  Petals 
indefinite,  linear.  Stamens  indefinite.  Ovary  many-celled.  Stigmas  numerous. 
Capsule  many-celled  with  a  starry  dehiscence.  Embryo  curved  or  spiral,  on 
the  outside  of  mealy  albumen.  Succulent  shrubs  or  herbs.  Flowers  showy, 
opening  only  under  bright  sunshine. 

^  Alliance  6.— Begoniales.    Floioers  unisexual,    Placenttp  centra!, 

,^  Order  39. — Begoniacea*.    Flowers  unisexual.    Sepals  in  the  males  4 ;  in  the 

.  finnales  5.  Stamens  indefinite ;  anthers  collected  in  a  head,  the  connective  very 
thick.  Ovary  winged,  3-celled,  with  3  double  polyspermous  placentee  in  the 
Axis  ;  stigmas  3,  somewhat  spiral.    Fruit  3-celled,  with  an  indefinite  number  of 

•linute  seeds ;  embryo  without  albumen.     Herbaceous  plants  or  under-shrubs. 

Iieaves  alternate,  oblique.    Stipules  scarious. 

Group  S.^VarirtOffaf. 

Pkcentae  parietal,  or  arising  from  the  base  of  carpels  combined  into  a  1-cellcd 
ovary. 

Alliance  1.— Cruciales.    Embryo  curved.    Albumen  absent. 

Order  40.^ Brassicacea?  or  Crucifercn.  Petals  4,  deciduous,  cruciate.  Petals 
4,  cruciate.  Stamens  6,  of  which  two  are  shorter.  Ovary  superior,  with  parietal 
placentae,  meeting  in  the  middle,  and  forming  a  spurious  dissepiment.  Fruit 
Bsilique  or  silicule.  Seeds  attached  by  a  funiculus,  generally  pendulous. 
Embryo  with  the  radicle  folded  upon  the  cotyledons.  Herbaceous  plants. 
leaves  alternate.    Flowers  without  bracts. 

Order  4\.—  Capfyaridarefp.  Sepals  4.  Petals  4,  cruciate.  Stamens  definite 
or  indefinite.  Disk  hemispherical,  or  elongated.  Ovary  stalked.  Fruit  1-celled, 
most  frequently  with  two  polyspermous  placentae;  embryo  incurved.  Herbaceous 
plants,  shrubs,  or  trees,  without  true  stipules.    Leaves  alternate. 

Order  4'2,—Resedaceep,  Calyx  many-parted.  Petals  lacerated,  unequal.  Disk 
1 -sided.  Stamens  perigynous,  definite.  Ovary  sessile,  3-lobed,  1-celled,  many 
seeded,  with  3  pai-ietal  placentae.  Fruit  opening  at  the  apex.  Embryo  arcuate. 
Herbaceous  plants  with  alternate  leaves,  and  gland-like  stipules. 

Alliance  2.— Violales.  Stamens  few,  with  no  collect  ion  of  abortive  petals  or 
stamens  into  an  external  ring.    Embryo  never  curved. 

Order  43,— Violncetp,  Sepals  5,  persistent,  imbricate.  Petals  5.  Stamens 
hj^pogynous  ;  filaments  dilated,  elongated  beyond  the  anthers.  Ovary  1-celled 
with  3  parietal  placentae ;  style  with  a  hooded  stigma.  Capsule  of  3  valves, 
bearing  the  placentae  in  their  axis.  Herbaceous  plants  or  shrubs.  leaves 
stipulate  with  an  involute  vernation. 

Sub-order— SauvagesiiP.  Stamens  opposite  the  petals.  Five  hypogynous 
scales.    Seeds  adhering  to  the  edges  of  the  valves. 

Order  44. — Samydaceee,    Sepals  3, 5,  or  7,  usually  coloured  \tv^\Aft,    ^^V«\^  ^^ 
Stamens  firom  the  tube  of  the  calyx,  2,  3»  or  4Uin«a«L%  nvwcv^  ^>Xv^  ^^^t^'^-^ 


166  BOTANY. 

filaments  monadelphous.  Ovair  superior,  1-celled ;  stigma  capitate,  ovules 
indefinite,  attached  to  parietal  placentsB.  Ca^isule  coriaceous  ;  with  from  3  to 
5  valves,  many-seeded,  often  somewhat  pulpy  inside.  Seeds  fixed  to  the  valves 
without  order,  with  a  fleshy  aril ;  albumen  fleshy.  Trees  or  shrubs.  Leaves 
alternate,  with  sti])iiles,  usually  with  pellucid  markings,  which  are  both  round 
and  linear. 

Order  45. — Moringacetg.  Calyx  of  5  neariy  equal  divisions,  the  tube  lined 
with  a  fleshy  disk.  Corolla  of  5  nearly  equal  petals.  Stamens  from  the  top  of 
the  tube  of  the  calyx ;  filaments  slightly  petaloid.  Ovary  stipitate,  witn  3 
placentse.  Fruit  a  long  pod-like  capsule  with  3  valves.  Seeds  sometimes 
winged,  embryo  without  albumen.    Trees.   Leaves  pinnate,  with  an  odd  leaflet 

OnUr  46. — Droneraceof,  Sepals  imbricate.  Petals  5,  hypogynous.  Stamens 
distinct,  either  equal  in  number  to  the  petals,  or  2,  3,  or  4  times  as  many. 
Styles  3-5.  Capsule  of  3  or  5  valves.  Embryo  in  the  axis  of  a  fleshy  or  car- 
tilaginous albumen.  Herbaceous  plants,  often  covered  with  glands.  Leaves 
witli  stipulary  fringes  and  a  circinate  vernation.    Peduncles  circinate. 

Order 'il. — Frankeniacea.  Sepals  4-5,  in  a  furrowed  lube.  Petals  hypogynous, 
unguiculate,  with  appendages  at  the  base  of  the  limb.  Stamens  hypogynous; 
style  2-  or  3-fid.  Capsule  1-celled,  enclosed  in  the  calyx,  2-3-  or  4-valved,  many 
seeded.  Seeds  attached  to  the  margins  of  the  valves,  verv  minute  ;  embryo  in 
the  midst  of  albumen.  Herbaceous  plants  or  under-shrubs.  Stems  much 
branched.     Leaves  opposite,  exstipulate,  with  a  membranous  sheathing  base. 

Alliance  3.— Passionales.  Flowers  tcith  a  ring  or  crown  of  sterile  stamem. 
Petioles  generally  glandular.  Embryo  never  curved  so  that  the  radicle  liee  m 
the  cotyledons. 

Order  48. — PassiJUiraceee.  Sepals  5,  their  tube  lined  with  filamentous  pro- 
cesses. Petals  5.  Stamens  monadelphous.  Ovary  stalked,  l-celled  ;  styles  3; 
stigmas  simple,  clavate.  Fruit  with  3  polyspermous  placentae.  Seeds  with  a 
brittle  sculptured  testn.  Kmbryo  in  fleshy  albumen.  Usually  climbers.  Leaves 
alternate,  with  leafy  stipules.     Flowers  olten  enclosed  in  an  involucn-. 

Order  4 \). — Papayacect,  Flowers  unisexunl.  Calyx  minute,  toot htd.  Corolla 
gamopetalous  ;  in  the  male  with  5  lobes  and  10  stamens  ;  in  the  lemale  divided 
nearly  to  the  base.  Ovary  with  6  ])olyspermous  ])lacent8e;  stigma  sessile, 
5-lobed,  lacerated.  Fruit  succulent.  Seeds  enveloped  in  a  loose  mucous  coat  With 
pitted  ttsta;  embryo  in  the  axis  of  fleshy  albumen.  Trees  yielding  an  acrid 
milky  juice.     Leaves  alternate. 

Order  50. — Flaconrtiaceof.  Sepals  from  4-7.  Petals  equal  to  them  in  num- 
ber. Stamens  hypogynous,  occasionally  changed  into  nectariferous  swdes. 
Ovar>'  roundish :  stigmas  several,  more  or'less  distinct.  Fruit  1-celled,  the  centre 
filled  with  a  thin  pulp.  Seeds  few,  attached  to  the  surface  of  the  valves  in  a 
branched  manner.  Kmbryo  in  the  axis  of  albumen.  Shrubs  or  trees.  Leaves 
alternate  without  stipules. 

Order  51. — Malemerhiacete,  Calyx  tubular,  membranous,  5-lobed.  PetaU 
persistent,  convolute,  arising  from  without  a  rim  or  corona.     Stamens  5  or  lU. 

Eerigynous  ;  filaments  distinct.  Ovary  stinitatc;  styles  3,  filiform.  Fruit  mem- 
ranous  more  or  less,  many-seeded.  Seeds  arising  either  from  the  axis  of  the 
valves,  or  from  their  base;  no  aril ;  embryo  in  the  midst  of  fleshy  albumen. 
Herbaceous  or  halt-shrubby  plants.    leaves  alternate,  without  stipules. 

Order  52. — Turnerace^e.  Calyx  often  coloured,  with  5  lobes,  imbricated. 
Petals  5,  equal,  twisted;  stamens  distinct.  Ovary  with  3  placentae:  ovules 
indefinite;  styles  3  or  (J,  coherimr  more  or  less.  Capsule  3-valved,  the  valves 
bearing  the  placentae  in  the  middle.  Seeds  with  a  thin  aril  on  one  side  ;  embr}-o 
in  the  middle  of  fleshy  albumen.  Herbaceous  plants.  Leaves  alternate,  without 
stipules,  with  occasionally  two  glands  at  the  apex  of  the  petiole. 

Alliance  4.— IJixales.  Polyandrous,  without  any  crown  of  sterile  stamen*. 
Leaves  usually  dotted. 

Order  o3,—l^irare€P,    Sepals  4-7,  imbricated.     Petals  of  a  like  number.    Sta- 
mens indefinite,  distinct.     Ovary  sessile;  placentae  4-7;  style    1-2-4.     Fruit 
ma/iK-seeded.     Seeds  enveloped  in  pulp.    Albumen  hardly  present.    Trees  or 
shrubs.    Leaves  alternate  with  deciduows  «\.\^v\^%  «ccA  \k^\\>\^\i  dots. 
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Group  4. — Cal|)COf{ae. 

Caljic  incompletely  whorled,  two  of  the  sepals  being  exterior.  Placentae  not 
parietal  in  the  ovary.  Fruit  nerer  inferior.  Albumen,  if  present,  of  nearly  the 
same  volume  as  the  embryo. 

Alliance  1. — Guttales.  Stamens  indeftnile.  Albumen  absent.  Petals  and 
sepals  equal  in  number. 

Order  54, ^Cluiiaceee  or  Quttiferee.  Sepals  2  to  6  persistent.  Petals  hypo- 
^ynous.  4  to  10.  Stamens  numerous,  hypogynous.  Disk  fleshy,  occasionally 
5-lobed.  Ovary  5-  or  many-celled ;  ovules  solitary,  erect,  or  ascencling,  or  numer- 
ous and  attached  to  central  placentae ;  style  very  short ;  stigma  peltate  or 
radiate.  Seeds  frequently  nestling  in  pulp,  frequently  with  an  aril ;  albumen 
none.    Trees  or  shrubs.    Leaves  without  stipules,  opposite,  coriaceous. 

Sub-order — Canellece.    Seeds  albuminous. 

Order  55. — Rhizobolacece.  Sepals  5,  imbricated.  Petals  5,  thickish.  Stamens 
extremely  numerous,  slightly  monadelphous.  Ovary  4-6-celled ;  stigma  simple. 
Fruit  of  4-6  combined  nuts;  each  nut  l-seeded,  1 -celled,  with  a  thick  double 
putamen.  Seed  uniform,  without  albumen ;  radicle  very  large,  constituting 
nearly  the  whole  of  the  almond-like  nut.  Trees.  Leaves  opposite,  without 
stipufes* 

Order  SS.—Marcgraaviaceiff,  Sepals  2  to  7.  Corolla  hypogynous ;  some- 
times gamopetalous.  Stamens  indefinite ;  anthers  long.  Ovary  usually  furrowed, 
many-cellea,  many  -  seeded ;  stigma  simple  or  capitate  ;  ovules  numerous 
attached  to  a  central  placenta.  Capsule  coriaceous.  Seeds  very  minute  and 
numerous,  nestling  in  pulp.  Shrubs.  Leaves  alternate.  Peduncles  naked,  or 
furnished  with  either  simple  or  cucuUate  hollow  bracts. 

Order  57. — Hypericaceof.  Sepals  4-5,  persistent,  unequal,  with  glandular 
dots.  Petals  4-5,  hypogynous,  twisted,  oblique,  often  having  black  dots. 
Stamens  indefinite,  hypogynous.  Styles  several.  Fruit  a  capsule  or  berry,  of 
many  valves  and  many  cells.  Seeds  minute,  indefinite  ;  embryo  straiuht,  with 
no  albumen. — Herbaceous  plants,  shrubs  or  trees.  Leaves  opposite,  entire, 
sometimes  dotted.     Flowers  generally  yellow. 

Sub-order — Ochranthece.    Stamens  definite.    Stipules.    Serrated  leaves. 

Alliance  2. — Theales.  Stamens  indefinite  in  number.  Albumen  absent.  The 
petals  and  sepals  not  equal  to  each  other  in  number,  gradually  passing  the  one 
into  the  other. 

Order  5%.—  Termtrnmiace(v. ,  Sepals  5  or  7,  coriaceous,  deciduous.  Petals  not 
equal  in  number  to  tiie  sepals.  Stamens  numerous  ;  monadelphous  or  polya- 
delphous. Ovary  with  several  cells ;  styles  filiform.  Capsule  2-7-celled  ; 
usually  with  a  central  column.  Seeds  laree,  attached  to  the  axis,  very  few ; 
mlbumen  none ;  cotyledons  occasionally  plaited  lengthwise.  Trees  or  shrubs. 
Leaves  alternate,  without  stipules,  now  and  then  with  pellucid  dots. 

Alliance  3. — Acerales.  Stamens  definite  in  number.  Flowers  usually  umym- 
metricid  in  their  parts,  or  more  or  less  irregular  ;  in  ifie  majority  small  and 
disposed  in  a  compound  inflorescence. 

Order  59. — Aceraeeee.  Calyx  imbricated.  Petals  inserted  round  an  hypo- 
gynous disk.  Stamens  inserted  upon  an  hypogynous  disk,  generally  8.  Ovary 
2-lobed ;  style  1  ;  fruit  of  2  parts,  which  are  samaroid  ;  each  1 -celled ;  with  one 
or  two  seeds ;  albumen  none.  Trees.  Leaves  opposite,  wthiout  stipules. 
Flowers  often  polyf^amous. 

Order  60.—Sapindaceaf.  Flowers  polygamous.  Calyx  imbricated.  Petals 
hypogynous,  sometimes  naked,  sometimes  with  a  doubled  appendage  in  the 
inside,  imbricated.  Disk  fleshy.  Stamens  8-1 U,  rarely  5-6-7.  Ovary  3-celled, 
the  cells  containing  1,  2,  3,  very  seldom  more,  ovules.  Fruit  sometimes  cap- 
sular, sometimes  samaroid,  sometimes  fleshy  and  indehiscent.  Seeds  usually 
with  an  aril.  Albumen  0.  Trees,  or  shrubs  which  often  climb  and  have 
tendrils. 

Sub-order — Milling tonieee.  Flowers  minute,  very  irregular.  Stamens  oppo- 
site the  petals,  3  sterUe,  2  fertile.    Ovary  2-celled.     Fruit  a  V-^^VWd  C«w\^. 

Order  ^l.-^Meculacem.    Calyx  campannlate»  5-loWd.  Y^V^X*  'V  w  'o,^^'w«i{^s5^^ 


16S  [BOTANY. 

hypogynous.  Stamens  7-8,  aneqaal.  Ovary  3-celled ;  ovules  2  in  each  cell, 
rniit  1-2-  or3-valved.  Seeds  large,  roundish,  with  a  broad  hilam;  albumen 
none ;  embryo  curved,  germinating  under  ground.  Trees  or  shrubs.  Leaves 
opposite,  without  stipules,  quinate  or  septenate.  Racemes  terminal. 
~  Order  ^2,^  Polvgalaceas,  Sepals  5,  very  irregular,  often  glumaceous.  Petals 
hypogynous,  usually  3,  of  which  1  is  anterior  and  larger  than  the  rest.  Stamens 
hypogynous,  8,  usually  in  a  tul)e ;  anthers  innate,  1 -celled  and  opening  at  tMr 
apex.  Ovary  with  2  or  3  cells  ;  ovules  solitary,  pendulous.  Seeds  pendukm^ 
with  a  caruncula  next  the  hilum  ;  albumen  abundant.  Shrubs  or  herbaceous 
plants.    Leaves  alternate,  destitute  of  stipules.     Pedicels  with  3  bracts. 

Order  63. — VorJiyace€e.  Sepals  4-5,  the  upper  one  calcarate.  Petals  I.  3, 3» 
or  5.  Stamens  1-5,  from  the  bottom  of  the  calyx.  Ovary  superior,  3-celled; 
ovules  solitary  or  twin,  attached  to  the  base  of  the  axis.  Capsule  3-comered, 
3-celled,  3-valved.  Seed  without  albumen,  erect  Trees.  Branches  oppoaHe, 
when  young  4-cornered.    Leaves  opposite,  with  2  stipules. 

Alliance  4. — Cistales.    Flowers  regular.    Albumen  present  in  the  seeds. 

Order  Bi.^ElatinacetP,  Sepals  3-5.  Petals  hypogynous.  Stamens  hypo- 
gynous. Ovary  3-5-celled ;  styles  3-5 ;  stigmas  capitate.  Fruit  capsular.  Seeds 
numerous,  embiro  straight,  with  but  little  albumen.  Annuals.  Leaves  opposite 
with  stipules.    Flowers  minute. 

Order  65. — Linaceee.  Sepals  3-4-5,  imbricated,  persistent.  Petals  hypogynous, 
unguiculate,  twisted.  Stamens  united  in  an  hypogynous  ring.  Ovary  with  about 
as  many  cells  as  sepals.  Styles  equal  in  number  to  the  cells ;  stigmas  capitate. 
Capsule  many-celled.  Seeds  in  each  cell  single,  inverted ;  albumen  present 
Herbaceous  plants  or  small  shrubs.  Leaves  without  stipules,  usually  alter- 
nate.   Petals  Aigitive. 

Order  66. — Hugoniacecp,  Calyx  without  an  'involucre,'p€rmanent,  the  sepals 
very  unequal.  Petals  5,  shortly  uneuiculate,  twisted.  Stamens  10,  hypogynouSp 
slightly  monadelphous.  Ovary  stalked,  5-celled  ;  ovules  2,  pendulous.  Styles 
5,  distinct.  Fruit  containing  5  bony  nuts.  £mbr}'0  in  the  axix  of  fleshy  albu- 
men. Shrubs.  Leaves  alternate,  with  subulate  stipules.  Peduncles  often 
transformed  into  circinate  spines. 

Order  67,^ Chlenaceep,  Involucre  1-2-flowered.  Sepals  3,  small.  Petals  5  or 
0,  hypogynous.  Stamens  either  very  numerous  or  10.  Ovary  3-celled  ;  style  1. 
Capsule  3-celled.  Seeds  solitary  or  numerous,  suspended;  albumen  firm. 
Trees  or  shrubs.     Leaves  alternate,  with  stipules. 

Order  68. — Cistacece,  Sepals  5,  persistent,  unequal,  the  three  inner  twisted. 
Petals  5,  crumpled,  twisted  in  a  direction  contrary  to  that  of  the  sepals.  Stamens 
indefinite,  hypogynous.  Ovary  1-  or  many-celled ;  ovules  with  their  foramen 
at  their  apex;  style  single  ;  stigma  simple.  Fruit  either  1- celled  with  parietal 
placentae,  or  imperfectly  5-  or  10-celled.  Seeds  indefinite.  Embryo  inverted, 
either  spiral  or  curved  m  the  midst  of  mealy  albumen.  Radicle  remote  from 
the  hilum.  Shrubs  or  herbaceous  plants.  Leaves  usually  entire,  stipulate  or 
exstipiilate. 

Order  GO.^Eeaumuriaceep,  Calyx  5-parted,  surrounded  externally  by  imbri- 
cated bracts.  Petals  5,  hypogynous.  Stamens  hypogynous.  Ovary  superior; 
styles  several,  filiform.  Fruit  with  2  to  5  valves.  Seeds  definite,  villous,  erect ; 
embr}o  surrounded  by  a  mealy  albumen;  radicle  next  the  hilum.  Shrubs. 
Leaves  fleshy,  scale-like,  without  stipules.    Flowers  solitary. 

Group  5.— J^gncatpoffae. 

The  carpels  united  into  a  solid  pistil.  Calyx  not  having  the  sepals  in  a 
broken  whorl.  Placentae  not  parietal.  Ovaiy  not  inferior.  Carpels  not  placed 
obliquely  upon  a  central  gynobase ;  or  if  they  are,  then  either  in  more  rows  than 
one  or  of  a  larger  number  than  5. 

Alliance  1.— Malvales.  Estivation  qf  calyx  valvate.  Carpels  4  or  more. 
Stamens  generally  monadelphous;  the  calyx  long  and  tubular  when  that  is  not 
the  case.    Hairs  mostly  starry. 

Order  ro.—SterculiacetF,  Petals  hypogynous,  convolute,  often  saccate  at  the 
base.    Stamens  definite  or  [indefinite,  some  among  them  often  sterile  ;  antheii 
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Celled,  fomefimes  anfrad uose.  Pistil  often  seated  npon  a  fir^rnophore.  Styles 
equal  in  number  to  the  carpels ;  ovules  erect.  Seeds  often  winged,  sometimes 
waolly ;  albumen  oily  or  fleshy,  rarelv  wanting  ;  cotyledons  foliaceous,  flat,  and 
plaited.    Trees  or  shrubs.     liCRves  alternate,  with  stipules. 

Order  T\, — Malvaceee,  Sepals  3  or  4,  hypogynous,  twisted.  Stamens  inde- 
flnite,  monadelphous  ;  anthers  1 -celled,  renit'orm.  Ovary  formed  by  the  union  of 
■everal  carpels ;  styles  the  same  number  as  the  carpels.  Fruit  either  capsular 
or  baccate ;  albumen  none ;  embr>'o  curved,  with  twisted  and  doubled  coty- 
ledans.    Herbrceous*plants,  trees,  or  shrubs.    Leaves  alternate,  stipulate. 

Order  72. — Elreocarpaceee.  Sepals  4  or  5.  Petals  4  or  5,  hypogynous,  lobed 
or  fringed  at  the  point.  Disk  glandular.  Stamens  hypogynous  or  perigynous, 
■ome  multiple  of  the  sepals ;  fllaments  short,  distinct ;  anthers  long,  filiform, 
4-comered,  opening  by  an  oblnng  pore  at  the  apex.  Ovary  two  or  many- 
celled.  Fruit  variable.  Seeds  1 ,  2,  or  more  in  each  cell ;  albumen  fleshy.  Trees 
or  shrubs.    Leaves  alternate,  simple,  with  deciduous  stipules. 

Order  73. — Dipteracete.  Calyx  tubular,  5-lobcd,  unequal,  afterwards  enlarged, 
imbricated.  Petals  contorted.  Stamens  indefinite,  hypogynous,  distinct ;  anthers 
subulate,  opening  longitudinallv  towards  the  apex.  Ovary  without  a  disk, 
few-celled  J  ovules  in  pairs,  pendulous  ;  style  sinf^le.  Fruit  surrounded  by  the 
calyx,  having  tough,  leafy,  enlarged,  permanent  divisions.  Seed  single,  without 
albumen.  Cotyledons  crumpled.  Trees.  Leaves  alternate,  involute  invcrna- 
tion ;  stipules  deciduous. 

Order  74. — Tiliacece.  Sepals  4  or  5.  Petals  4  or  5,  usually  with  a  little  pit 
at  their  base.  Stamens  hypogynous,  distinct;  anthers  2-celled.  Ovary  single» 
eomposcd  of  from  4  to  10  carpels;  style  one ;  stigmas  as  many  as  the  carpels. 
Fruit  dry.  Seeds  numerous ;  embryo  erect  in  the  axis  of  fleshy  albumen,  with 
flat  foliaceous  cotyledons.  Trees  or  shrubs,  very  seldom  herbaceous  plants. 
Leaves  stipulate,  alternate. 

Order  75. — Lyihracetp.  Calyx  monosepalous.  Petals  inserted  between  the 
lobes  of  the  calvx,  very  deciduous.  Stamens  inserted  into  the  tube  of  the  calyx 
below  the  petals.  Ovary  2- or4-cel]ed;  style  filiform ;  capsule  membranous, 
covered  by  the  calyx,  usually  ] -celled.  Seeds  numerous,  without  albumen. 
Herbs,  rarely  shrubs.   Branches  frequently  l-cornered.  Leaves  without  stipules. 

Alliance  2. — Meliales.  ^Estivation  of  ccdvx  imbricated.  Carpels  4  or  a 
larger  number.  Stamens  very  generally  monadelphous  in  a  kind  of  cup.  Seldom 
or  never  hairy. 

Order  76. — Meliacea*.  Sepals  3, 4,  or  5.  Petals  hypogynous,  usually  valvate. 
Stamens  twice  as  many  as  the  petals ;  filaments  cohering  in  a  long  tube ; 
anthers  sessile  within  the  orifice  of  the  tube.  Ovary  with  3,  10,  12  cells; 
ovules  1-2  in  each  cell.  Fruit  often  l-cellcd.  Seeds  without  albumen,  not 
winged.    Trees  or  shrubs.    Leaves  alternate,  without  stipules. 

(Mer  n,^Cedrelareee,  Calyx  4-5-cleft.  Petals  4-5.  Stamens  8-10,  cither 
united  or  distinct.  Style  and  stigma  simple.  Seeds  fiat-winged.  Trees  with 
timber  which  is  usually  compact,  scented  and  beautifully  veined.  Leaves 
alternate,  without  stipules. 

Order  78. — Humirtace<p.  Calyx  5-parted.  Stamens  hypogynous,  numerous, 
monadelphous  ;  anthers  with  a  fieshy  connective  extended  beyond  the  lobes. 
Ovary  5 -celled  ;  ovules  1-2  suspendeci ;  style  simple.  Fruit  drupaceous.  £m« 
biyo  in  fieshy  albumen.    Trees  or  shrubs.    Leaves  alternate,  without  stipules. ^ 

Order  79. — Aurantiacetp.  Calyx  urceolate  or  campanulate,  short.  Petals 
3-5,  inserted  upon  the  outside  of  an  hypogynous  disk.  Stamens  inserted  upon  an 
hypogynous  disk ;  filaments  sometimes  combined  in  one  or  several  parcels. 
Clvaiy  many-celled,  style  1  ;  stigma  thickish.  Fruit  many-celled,  filled  with 
pulp.  Seeds  usually  pendulous  ;  raphe  and  chalaza  distinctly  marked.  Trees 
or  shrubs,  almost  always  smooth  and  filled  with  transparent  receptacles  of  oil. 
Leaves  alternate,  often  compound,  always  articulated  with  the  petiole. 

Order  80. — Spondiaceee,  Calyx  5-clett.  Petals  5,  inserted  below  a  disk  sur- 
rounding the  ovary.  Stamens  10,  perigynous.  Disk  annular.  Ovary  2-5-cclled, 
styles  5  ;  stigmas  obtuse ;  ovule  1  in  each  cell,  pendulous.  Fruit  drupaceous, 
2-5-celled.  Seeds  without  albumen.  Trees  without  spines.  Leaves  aiternate» 
without  pellucid  dots.  \ 
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Allianee  3.— Rhamnalef.  Motivation  nf  ike  calpx  vahaie^  Catpeh  fstcer 
than  4,  sometimes  slightly  adhering  to  the  calyx.  Hairs  \f  present  neper  starry^ 
4U  shrubs. 

Order  S\.—Rhamnaceir.  Calyx  4-5-c1eft,  valvate.  Petals  distinct,  inserted 
into  the  orifice  of  the  calyx.  Stamens  definite,  opposite  the  petals.  Ovary 
superior,  or  half-superior,  2-  3-  or  4-celled ;  ovules  solitary,  erect.  Albumen 
fleshy ;  embryo  with  lai^e  flat  cotyledons,  and  a  short  inferior  radicle.  Trea 
or  shrubs.  Leaves  alternate  with  minute  stipules.  Flowers  axillary  or  terminal, 
minute. 

Order  82. — ChaiH^tiace^e.  Sepals  with  an  incurved  valvate  sestivation.  Petals 
alternate  with  the  sepals,  and  arising  from  the  base  of  the  calyx.  Stamens  5 ; 
glands  5,  hypoeynous,  opposite  the  petals.  Ovary  2-  3-celled.  Ovules  twin, 
pendulous ;  style  simple.  Fruit  drupaceous,  1-  2-  or  3-celled.  Seeds  without 
albumen.  Trees  or  shrubs.  Leaves  alternate,  with  two  stipules.  Flowcn 
small,  axillary. 

Order  83. — Tremandraeeiff,  Sepals  4  or  5,  equal,  valvular,  deciduous.  Petals 
involute,  much  larger  than  the  calyx.  Stamens  hvpogynous,  2  before  each 
petal ;  anthers  2-  or  4-celled,  opening  by  a  pore  at  the  apex.  Ovary  2-celled ; 
ovules  from  1  to  3,  pendulous.  Fruit  capsular.  Seeds  with  a  thickened  appen- 
dage at  the  apex ;  embryo  in  the  axis  of  a  fleshy  albumen.  Slender  heath-like 
■hrubs.    Leaves  without  stipules.    Flowers  often  large  and  showy. 

Order  84. — Nitrariaceas,  Calyx  5-toothed.  Corolla  of  5  petals  which  arise 
from  the  calvx,  with  an  inflexed  valvular  eestivation.  Stamens  3  times  the 
number  of  the  petals,  perigynous.  Ovary  3-  or  more-celled,  with  a  fleshy 
style;  ovules  pendulous,  by  means  of  a  long  funiculus.  Fruit  drupaceous. 
Seeds  with  no  albumen.  Shrubs,  with  succulent  alternate  leaves,  which  are 
sometimes  fascicled. 

Order  85,— -BurseracetB.  Calyx  persistent,  with  from  2  to  5  divitions. 
Petals  3-5,  inserted  below  "a  disk;  Aestivation  valvate.  Stamens  2  or  4-times 
as  many  as  the  petals,  perigynous.  Ovary  2-5-celled ;  style  1 ;  ovules  in  purs; 
attached  to  the  axis.  Fruit  drupaceous.  Seeds  without  albumen.  Trees  or 
shrubs.  Leaves  alternate,  equally  pinnate,  occasionally  with  stipules,  usually 
.without  pellucid  dots. 

Alliance  4. — Euphorbiales.  Aestivation  of  calyx  imbricated  Carpels /ewer 
than  four ;  very  often  three.    Hairs  frequently  starry  if  present. 

Order  86.—Euphorhiarerp,  Flowers  monoecious  or  dioecious.  Calyx  lobed, 
sometimes  wanting.  Corolla  consisting  of  petals  or  scales,  or  absent.  Stamens 
definite  or  indefinite.  Ovary  superior,  2-  or  3-cclled  ;  ovules  solitary  or  twin, 
suspended ;  styles  equal  in  number  to  the  cells ;  stigma  compound  or  single. 
Fruit  generally  consisting  of  3  dehiscent  cells,  separating  with  elasticity  from 
their  common  axis ;  embryo  in  fleshy  albumen.  Trees,  shrubs,  or  herbaceous 
plants,  often  abounding  in  acrid  milk.  Leaves  opposite  or  alternate,  usually 
with  stipules.    Flowers  sometimes  enclosed  within  an  involucre. 

Order  87. — Empetrace^e,  Flowers  unisexual.  Sepals  hypogynous,  imbri- 
cated scales.  Stamens  equal  in  number  to  the  inner  sepals,  and  alternate  with 
them.  Ovary  3-  6-  or  9-celled ;  ovules>olitary,  ascending ;  stigma  radiating. 
Fruit  fleshy,  3-  6-  or  9-celled ;  the  coating  of  the  cells  bony  ;  embryo  in  the  axis 
of  fleshy  watery  albumen.  Small  acrid  shrubs  with  heath-like  evergreen  leaves 
and  minute  flowers. 

Order  88. — StachJiOusiacece,  Calyx  1-leaved,  5-cleft,  with  an  inflated  tube. 
Petals  5,  arising  from  the  top  of  the  tube  of  the  calyx ;  th^ir  claws  combined  in 
a  tube  longer  than  the  calyx.  Stamens  5,  unequal,  arising  from  the  throat  of 
the  calyx.  Ovary  3-  or  5-lobed,  the  lobes  with  a  single  erect  ovule ;  styles 
from  3  to  5,  sometimes  combined.  Fruit  of  from  3  to  5  indehiscent  pieces. 
Embryo  in  the  axis  of  fleshy  albumen.  Herbaceous  plants.  leaves  simple, 
alternate.    Stipules  very  minute. 

Order  89. — Fouquieracea.  Sepals  5,  imbricated.  Petals  in  a  long  tube, 
regular.  Stamens  10-12,  inserted  on  the  calyx.  Style  flliform ;  ovules  numerous. 
Capsule  3-celled,  3-valved ;  seeds  winged.  £mbr}'0  in  the  centre  of  thin  fleshy 
albumen.    Trees  or  shrubs.    Leaves  fleshy,  clustered  in  the  axil  of  a  spine. 

Order  90. — Celastracete,    Sepals  4  or  5,  imbricated,  inserted  into  the  margin 
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of  an  expanded  torus.  Petals  imbricate.  Stamens  alternate  with  the  petals, 
inserted  into  the  disk.  Disk  larg;e,  expanded,  flat,  closely  suri-oundin^  the 
ovary.  Ovary  with  3  or  4  cells;  ovules  ascending;  albumen  fleshy.  Shrubs. 
Leaves  simple.    Flowers  in  axillary  cymes,  minute. 

Sub-order — Hipjtocrateer,    Sepals  and  ])etHls  5.    Stamens  3. 

Sub  order-- Tngonieec.  Sepals  and  petals  unequal,  the  latter  papilionaceous. 
Stamens  10-12,  monadelphous,  out  of  the  centre. 

Order  \}U — Stapfiyleacete,  Sepals  9,  coloured,  imbricated.  Petals  5,  imbri- 
cated. Stamens  alternate  with  the  petals,  perigynous.  Disk  large,  urceolate. 
Ovary  2-  or  3-celled,  superior;  ovules  erect;  styles  2  or  3,  cohering.  I'ruit 
membranous  or  fleshy.  Seeds  with  a  bony  testa ;  hilum  large ;  albumen  none. 
Shrubs.    Leaves  opposite,  pinnate,  with  l)oth  common  anvi  partial  stipules. 

Order  92. — Aialpighiacete.  Sepals  generally  with  a  definite  number  of  con- 
spicuous glands.  Petals  5,  unguiculate;  stamens  seldom  fewer.  Ovary  1,  of  3 
carpels,  more  or  less  combined  ;  ovules  suspended.  Fruit  dry  or  berried.  Seeds 
without  albumen.  Small  trees  or  shrubs,  sometimes  climbing.  I^'aves  opposite, 
with  stipules. 

Sub-order — Erythroxylece.  Petals  sessile,  witl)  a  plaited  scale  at  the  base. 
Albumen  horny.  Shrubs  or  trees.  Young  shoots  covered  with  imbricated 
•cales.    I^eaves  alternate  with  axillary  stipules. 

Alliance  5. — Silenales.  Embryo  rolled  round  mealy  albumen  ;  or  if  this  iV 
not  the  vasct  herbaceous  plants  with  the  joints  of  the  stem  tumid;  or  with  scales 
replacing  leaves  upon  rod-like  branches.    Almost  all  herbs  or  small  shrubs. 

Order  93. — Portularaceas.  Sepals  2.  Petals  generally  5.  Stamens  inserted 
irregularly  into  the  calyx,  or  hyjpogynous,  variable  in  number.  Ovary  1 -celled; 
style  single,  stiemns  several.  Capsule  1-celled.  Seeds  attached  to  a  central 
placenta.  Embryo  curved  round  the  albumen.  Succulent  shrubs  or  herbs. 
Leaves  without  stipules,  sometimes  with  membranous  ones.  Flowers  usually 
ephemeral. 

Order  di.—Silenacetp.  Sepals  4-5,  united  into  a  permanent  tube.  Petals 
stalked.  Stamens  hypogynous,  definite.  Ovary  stalked,  usually  many-sccdcd 
with  a  free  central  placenta.  Stigmas  sessile,  2-5.  Capsule  2-5  valved.  Seeds 
usually  with  the  embryo  curved  round  mealy  dbumen.  Herbaceous  plants  with 
opposite  undivided  exstipulate  leaves,  and  tumid  nodes. 

Order  95. — Alsinacea.  Sepals  4-5.  Petals  often  2'lobed,  deciduous,  on  tlie 
outside  of  a  ring,  which  is  more  or  less  perigynous.  Stamens  inserted  into  tJic 
ring.  Ovary  1-celled,  many-seeded.  Stigmas  2-5,  linear,  sessile.  Capsule 
1-celled.  Seeds  attached  to  a  free  central  placenta.  Embryo  curved  round 
mealy  albumen.  Herbaceous  plants  with  tumid  joints.  Leaves  opposite,  undi- 
vided, often  connate.    Stipules  none. 

Order  96. — Tamaricacece.  Calyx  4-or  5-parted,  persistent.  Petals  withering. 
Stamens  hypogynous,  distinct  or  monadelphous.  Stigmas  3.  Capsule  3-valved, 
1 -celled,  many-seeded.  Seeds  ascending,  coiiiose;  embryo  straight.  Slirubs  or 
herbs,  with  rod-like  branches.    Leaves  alternate,  resembling  scales. 

Order  97- — lUecebracetB.  Sepals  3,  4,  or  5.  Petals  minute.  Stamens  perigy- 
nous. Ovary  superior;  styles  2-5.  Fruit  small,  dry,  1-celled,  rarely  3 -celled. 
Seeds  upon  a  central  placenta,  embryo  lying  on  one  side  of  the  albumen. 
Herbaceous  or  half-shrubby  plants,  with  entire  leaves  and  scarious  stipules. 
Flowers  minute,  with  scarious  bracts. 

Group  6.— ®])nobaielcof{ae. 

Carpels  about  5  in  a  single  whorl,  diverging  at  the  base  in  consequence  of  the 
interposition  of  a  conical  gynobase.    Stamens  usually  hypogynous. 

Alliance  1. — Kutales.    Style  single,  or  leaves  marked  with  pellucid  dots. 

.  Order  98. — Ochnacece,  Sepals  persistent,  imbricated.  Petals  hypogynous, 
lometimes  twice  as  many  as  the  sepals.  Stamens  5,  10,  or  indefinite,  hypogy- 
nous ;  anthers  opening  by  pores.  Carpels  upon  an  enlarged  fleshy  disk,  style 
one ;  ovule  erect.  Fruit  of  many  pieces,  somewhat  drupaceous,  1 -seeded. 
Seeds  without  albumen.  Very  smooth  trees  or  shrubs.  Leaves  alternate,  with 
stipules. 
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Order  ^^.'^Simaruhacea,  Flowers  hermaphrodite,  or  unisexual.  Calyx  in  4 
or  5  divisions.  Petals  longer ;  oestivation  twisted.  Stamens  arising  from^  the 
back  of  an  hypogynous  scale.  Ovary  4-  or  5-Iobed  upon  a  stalk,  each  cell  with  1 
suspended  ovule  ;  style  simple.  Fruit  indehiscent ;  embryo  without  albumen. 
Trees  or  shrubs.    Leaves  without  stipules,  alternate,  without  dots. 

Order  100. — Euiaceee.  Flowers  hermaphrodite,  sometimes  irregular.  Sepals 
4-5.  Petals  sometimes  combined.  Stamens  definite,  hypogj^noiui,  on  the  cat* 
side  of  a  cup-like  disk.  Ovary  few-celled ;  ovules  2-4 ;  style  single,  occasionally 
divided  near  the  base.  Fnut  capsular.  Embryo  with  or  without  albumen; 
radicle  superior.    Trees  or  shrubs  (or  herbs).    Leaves  exstipulate,  dotted. 

Order  101. —  Zygopf^yllace€e.  Flowers  hermaphrodite.  Calyx  convdnte. 
Petals  unguiculate.  Stamens  dilated  at  the  base,  sometimes  placed  on  the 
back  of  a  small  scale,  hypogynous.  Ovary  with  a  disk  with  4  or  5  cells  ;  ovules 
pendulous  or  erect ;  stvie  simple.  Fruit  capsular,  rarelv  fleshy,  with  angles  or 
wings.  Seeds  fewer  than  the  ovules;  radicle  superior  ;  albumen  whitish.  Her- 
baceous plants,  shrubs  or  trees ;  branches  often  articulated  at  the  joints.  Leaves 
opposite,  with  stipules,  not  dotted. 

Order  102. — Xanthoxylacea,  Flowers  unisexual.  Calyx  in  3,  4,  or  5  divisions. 
Petals  usually  longer  than  the  calyx,  convolute.  Stamens  equal  to  the  petals  in 
number,  or  twice  as  many.  Ovary  of  the  same  number  of  carpels  as  t nere  are 
petals,  or  of  a  smaller  number ;  ovules  2 ;  styles  more  or  less  combined.  Fruit 
oerried  or  membranous,  sometimes  consisting  of  several  drupes  or  2-valved 
capsules.  Seeds  solitary  or  twin,  pendulous,  usually  smooth  and  shining; 
embryo  lying  within  fleshy  albumen ;  radicle  superior.  Trees  or  shrubs.  Leaves 
without  stipules,  with  pellucid  dots. 

Alliance  2. — Geraniales.  Styles  distinct,  at  least  near  the  point,  Ctarpeit 
combined  in  the  ovary.   Leaves  never  dotted.   Stamens  very  often  monade^oiu, 

OrderllQS.—  Geraniacetp,  Sepals  5,  ribbed.  Petals  5,  unguiculate.  Stamens 
definite,' hypogynous,  often  monadelphous.  Fruit  of  5  elastic  cocci  rolling  back 
fVom  a  long-beaked  gynobase  to  which  the  hardened  styles  adiiere.  Seeds  soli- 
tary, pendulous,  without  albumen.  Cotyledons  convolute  and  plaited.  Herbs 
or  shrubs  with  stipulate  leaves.    Stems  tumid,  and  separable  at  the  joints. 

Order  104. — Balsaminaceee.  Sepals  irregular;  the  odd  sepal  spurred.  Petals 
irregular.  Stamens  5,  symmetrical.  Carpels  consolidated  into  a  5-celIed  ovaiy. 
Fniit  capsular,  with  5  elastic  valves.  Seeds  solitary,  or  numerous,  suspended; 
albumen  none.    Succulent  herbaceous  plants.    Leaves  without  stipules. 

Sub-order. — Tropepolece.    Fruit  indehiscent ;  the  lobes  fleshy  and  1-seeded. 

Order  105. — Oxalidaceee.  Sepals  5,  equal.  Petals  equal,  unguiculate.  Sta- 
mens 10,  more  or  less  monadelphous.  Styles  5;  stigmas  capitate.  Fmit 
capsular,  membranous,  with  5  cells.  Seeds  few,  within  a  fleshy  integument, 
which  expels  the  seeds  with  elasticity.  Albumen  between  cartilaginous  and 
fleshy.   Herbaceous  plants,  undershrubs,  or  trees.    Leaves  alternate,  compound. 

Alliance  3.—  Coriales.     Styles  and  carpels  perfectly  distinct. 

Order  106. — Coriariaceof,  Flowers  hermaphrodite,  monoecious  or  dioecious. 
Calyx  5-parted.  Petals  5,  fleshy,  with  an  elevated  keel.  Stamens  10.  Ovary 
5-celled,  5-angled;  stigmas  5,  sul^ulate.  Ovules  solitary.  Carpels  5,  indehiscent, 
1- seeded,  sometimes  surrounded  with  glandular  lobes.  Albumen  none.  Shrubs 
with  opposite  branches.    I-«aves  simple,  entire. 

Order  I07.—Surianocea*.  Calyx  5-parted.  Petals  equal,  shortly  clawed. 
Stamens  indefinite,  hypogynous.  Carpels  5,  1-celled  with  2  ascending  ovules, 
stigmas  simple.  Pericarp  woody.  Seed  solitar}',  erect.  Embrvo  annular, 
without  albumen.    Woody  plants.    Leaves  alternate,  without  stipules. 

Alliance  4.— Florkeales.  Herbs.  A  simple  style.  Fruit  divided  into  deep 
lobes,    Gynobase  never  fleshy.    Stamens  perigynous. 

Order  lOS.'—Limnanthaceee.  Calyx  3-  5-parted,  valvate.  Petals  convolute. 
Stamens  perigynous ;  the  filaments  opposite  the  sepals  havinir  a  projection  on 
the  outside.  A  thin  perigynous  disk.  Carpels  combined  by  a  single  style. 
Nuts  3-5,  berried,  1-seeded.  Seed  erect ;  embryo  large,  amygdaloid,  without 
albumen.  Soft  herbaceous  plants.  Leaves  divided,  without  stipules.  Flowers 
axillary.jj 
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Group  7. — Spocarpoitar. 

'Carpels  distinct,  either  wholly  or  in  part.    Ovary  with  neitlier  a  g^nobnse  nor 
parietal  placentn.    Calyx  not  in  a  broken  whorl.    No  epigynous  disk. 

Alliance  1. — Rosales.    Albumen  wholly  absent. 

Order  \ 09,— Rosacea,  Calyx  with  a  disk  lining  the  tube.  Petals  pcri^ynous, 
equal.  Stamens  indefinite,  arising  from  the  calyx.  Ovaries  superior,  solitary  or 
several,  1-celled ;  sometimes  cohering  into  a  plurilocular  pistil ;  styles  lateral. 
Fniit  1 -seeded  nuts,  or  acini,  or  follicles,  containing  several  seeds.  Embryo 
straight.  Herbaceous  plants  or  shrubs.  Leaves  simple  or  compound,  alternate, 
usually  with  stipules. 

SuD-order, — Pornea,  Calyx  superior.*  Ovary  adhering  more  or  less  to  the 
sides  of  the  calyx  and  each  other;  ovules  ascending.  Fiuit  a  pome.  Albumen 
none.    Trees  or  shrubs. 

Sub-order, — Amygdalecif,  Calyx  inferior.  Carpel  solitary.  Fruit  a  drupe. 
IVees  or  shrubs. 

Sub-order. — Sanguisorbete,  Flowers  often  unisexual.  Calyx  with  a  thickened 
tube.  Petals  none.  Stamens  definite.  Ovary  solitary,  simple.  Ovule  solitary. 
Nut  solitary,  enclosed  in  the  tube  of  the  calyx.  £mbryo  without  albumen. 
Herbaceous  plants  or  undershrubs,  occasionally  spiny. 

Order  WO.— Fabaceee  {fiv  Legwninosee).  Calyx  inferior,  the  segments  often 
unequal,  and  variously  combined.  Petals  either  papilionaceous  or  regularly 
ipreading.  Stamens  definite  or  indefinite,  perigjnous,  or  hypogynous.  Ovary 
simple,  superior.  Fruit  a  legume.  Seeds  destitute  of  albumen.  Herbaceous 
plants,  shrubs,  or  trees.  Leaves  alternate;  petiole  tumid  at  the  base.   Stipules  2. 

Sub-order, — Ctesalpiniece,  Petals  regularly  spreading,  imbricated.  Stamens 
perigynous. 

Suo-order, — Mimosete.    Sepals  and  petals  valvate.    Stamens  hypogynous. 

Order  \\},—Connaracea*,  Calyx  5-parted,  persistent.  Petals  inserted  on  the 
calyx,  imbricated.  Stamens  hypogynous,  filaments  usually  monadelphous. 
O^ary  solitary  and  simple,  or  several  ;  ovules  2,  ascending ;  stigmas  usually 
dilated.  Fruit  dehiscent.  Seeds  often  with  an  aril.  Trees  or  shrubs.  Leaves 
compound,  not  dotted,  alternate,  without  stipules. 

Order  112. — Chrysobalanacecp,  Calyx  5-lobed.  Petals  more  or  less  irregular, 
either  5  or  none.  Stamens  definite  or  indefinite,  usually  irregular.  Ovary 
superior,  solitary,  cohering  more  or  less  on  one  side  with  the  calyx ;  ovules  erect. 
Fruit,  a  drupe  with  1  or  2  cells.  Seed  solitary,  erect.  Embryo  with  no  albu- 
men. Trees  or  shrubs.  Leaves  simple,  alternate,  stipulate,  with  veins  that 
run  parallel  with  each  other  from  the  midrib  to  the  margin. 

Order  l\3,—Calycanlhacea*,  Sepals  and  petals  confounded,  indefinite,  com- 
Inned  in  a  fleshy  tube.  Stamens  inserted  in  a  fleshy  rim.  Anthers  ndnate, 
turned  outwards.  Ovaries  several,  simple  ;  ovules  solitary.  Nuts  enclosed  in 
the  fleshy  tube  of  the  calyx,  1 -seeded.  Albumen  none;  cotyledons  convolute. 
Shrubs  with  square  stems.    Leaves  opposite,  simple,  without  stipules. 

Alliance  2. — Saxales.  Carpels  tivOt  diverging  at  the  end,  many-seeded.  Em- 
bryo i?i  the  axis  of  albumen. 

Order  1 1  A. — Baueracecp,  Sepals  inferior.  Petals  the  same  number.  Stamens 
indefinite ;  anthers  bursting  by  pores.  Carpels  little  inferior.  Fruit  capsular. 
Shrubs.    Leaves  toothed,  ternate.  opposite,  without  stipules. 

Order  115. — Cunoniacete,  Calyx  4-  or  5-cleft,  half  superior.  Petals  4  or  5. 
Stamens  perigynous,  definite.  Styles  sometimes  combined.  Fruit  capsular  or 
indehiscent.  Embryo  in  the  axis  of  fleshy  albumen.  Trees  or  shrubs.  Leaves 
opposite,  compound,  or  simple,  with  interpetiolar  stipules. 

Order  lie. — Saxi/ragacea*.  Calyx  superior  or  inferior.  Petals  5,  or  none. 
Stamens  5-10,  perigynous  or  hypogynous;  anthers  bursting  longitudinally. 
Disk  hypogynous  or  perigynous,  rarely  consisting  of  5  scales.  Styles  nune. 
Stigmas  sessile  on  the  tips  of  the  lobes  of  the  ovary.  Fruit  membran:)us. 
Senls  numerous,  very  minute.  Embryo  taper,  in  the  axis  of  fleshy  albumen. 
Herbaceous  plants.    Leaves  simple. 

Alliance  3.— Crassales.  Carpels  several,  quite  distinct^  continuous  mth  ilui 
iiyiet.    Seede  very  numerous  with  albumen. 
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Order  117. -^CrasnUaeeof.  Sepals  from  3  to  90.  Petals  either  distinct  or 
oohering.  Stamens  inserted  with  the  petals.  Hypogynous  scales  several,  I  at 
the  base  of  each  carpel.  Ovaries  of  the  same  number  as  the  petals,  opposite  to 
which  they  are  placed.  Fruit  of  several  follicles,  opening  in  their  face.  Seedi 
variable  in  number.  Succulent  herbs  or  shrubs.  Stipules  none.  Flowers 
usually  in  cymes. 

Alliance  4. — Balsamales.  Carpels  neOher  ttoo  and  diverging  at  the  apex; 
nor  numerous  with  an  hypogynous  scale.  Leaves  and  mrk  abounding  m 
balsamic  juice. 

Order  US.— Amyridaccis.  Calyx  minute.  Petals  4-5,  imbricated.  Stamens 
definite,  hypogynous.  Ovary  superior,  1-celled ;  stigma  capitate;  ovules  pen- 
dulous. Fruit  indehiscent,  glanaular.  Seed  without  albumen  ;  radicle  superior. 
Resinous  trees  or  shrubs.    Leaves  compound,  with  pellucid  dots. 

Order  \\9, — Anacardiaceee.  Flowers  unisexual.  Calyx  small.  Petals  peri- 
gynous,  imbiicated.  Stamens  usually  definite.  Disk  flesny,  hypogynous.  Ovaiy 
single,  very  rarely  5  or  6 ;  styles  1  or  3,  occasionally  4  ;  ovule  solitary,  attachea 
by  a  cord  to  the  bottom  of  the  cell.  Fruit  indehiscent.  Seed  without  albumen. 
Trees  or  shrubs,  with  a  resinous  caustic  juice.  Leaves  alternate,  without 
pellucid  dots. 

Sub-Class  IL— INCOMPLET2E. 

Corolla  absent  Cal3rx  consisting  of  distinct  sepals,  or  of  several  combined 
into  a  tul>e ;  very  often  incomplete ;  often  absent. 

Group  1. — 3£lecttmbr];oi{at. 

Calyx  exceedingly  imperfect,  often  rudimentary.  Embryo  straight,  with  or 
without  albumen. 

Alliance  1.— Amentales.  Flowers  in  catkins.  Carpels  two  or  more,  combined. 
Trees  or  arborescent  shrubs. 

Order  \20,—'Corylacecs  or  Cupuliferce.  Flowers  unisexual.  Stamens  5  to 
20.  Ovaries  crowned  by  the  rudiments  of  a  calyx,  within  a  coriaceous  involucre, 
with  several  cells  and  several  ovules ;  ovules  pendulous.  Fruit  a  1-celled  nat, 
enclosed  in  the  involucre.  Seeds  solitary.  Trees  or  shrubs.  Leaves  with 
stipules,  alternate. 

Order  121.  —  Betulacece.  Flowers  unisexual,  monoBcious,  males  sometimes 
having  a  calyx.  Stamens  definite,  usually  distinct.  Ovary  superior,  2-celled; 
ovules  pendulous.  Fruit  membranous,  indehiscent,  1-celled.  Seeds  pendulous; 
albumen  none.    Trees  or  shrubs.    Leaves  alternate,  with  stipules. 

Order  122. — Scepacece,  Flowers  dicecious.  Males  in  catkins.  Calyx  minute 
and  membranous.  Stamens  2-5.  Females  in  axillary  racemes.  Calyx  of  six 
sepals,  inferior.  Ovary  with  two  cells  ;  style  0 ;  stigma  with  short  lobes ;  ovules 
pendulous,  with  a  broad  scale  projecting  iVom  the  placenta  and  covering  over 
the  foramen.  Capsule  2  celled.  Seeds  enveloped  in  a  succulent  aril ; 
embryo  in  the  axis  of  albumen.  Trees.  Leaves  coriaceous,  alternate,  with 
membranous  stipules. 

Alliance  2.--Urticales.  Carpels  solitary,  or  more  than  one  combined  in  « 
syncarpous  pistil.  Stamens  continuous,  without  sheaths.  Ftoufers  never  pro- 
ducing fruit  with  a  cuptde. 

Order  123.— Garryacece.  Flowers  dioecious.  Males:  calyx  4.1eaved.  Sta- 
mens 4.  Females:  calyx  superior,  2-toothed.  Ovary  1-celled  ;  ovules  2, 
pend'ilous.  Pericarp  berried,  indehiscent,  2-seeded.  Embryo  very  minute, 
m  the  base  of  fieshy  albumen.  A  shrub.  Leaves  opposite,  without  stipules. 
Flowers  in  pendulous  amentaceous  racemes. 

Order  124. —Hensloviacea*.  Flowers  dioecious.  Calyx  with  a  woolly  disk, 
valvate.  Males:  stamens  5,  perigynous;  anthers  2-celled,  with  a  broad  con- 
nective and  oblique  lobes,  bursting  longitudinally.  Females :  ovary  superior, 
2-oelled ;  ovules  indefinite.    Trees  with  opposite  entire  exstipulate  leaves. 
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*er  \25,  —  Trewiacea.    Flowers  dicBeions/  Males:  sepals  S-4,  valvate. 
!ns  namerous.    Females  :  caljrx  inferior.    Style  4-cleft.    Drupe  4-celIed, 
single  seed  in  each.    Embryo  inverted  and  furnished  with  albumen.    A 
Leaves  opposite,  exstipulate,  entire,  t 

er  126,— Urticace€P.  Flowers  monoecious  or  dioecious.  Caljrx  membranous. 
ns  definite,  turned  backwards  with  elasticity.  Ovary  superior,  simple ; 
lolitary ;  stigpna  simple.  Fruit,  a  nut.  Embryo  with  or  without  albumen  ; 
I  always  superior.  Trees,  shrubs  or  herbs,  sometimes  lactescent.  Leaves 
ite,  usually  covered  with  asperities  or  stinginjj:  hairs ;  with  stipules. 
•order. — UemtophvUeiP.  Calyx  many-parted.  Stamens  12-20.  Nut  1- 
t,  terminated  by  t  tie  hardened  stigma.  Seed  pendulous  ;  embryo  with  4 
Ions,  and  a  many-leaved  placenta. 

?rl27.  UlmaceeB,  Flowers  hermaphrodite.  Calyx  campanulate,  inferior, 
ar.  Stamens  definite.  Ovary  2-celled ;  ovules  solitary,  pendulous.  Fruit 
-celled,  indehiscent,  membranous  or  drupaceous.  Seed  pendulous ;  albu- 
3ne ;  radicle  superior.  Trees  or  shrubs,  with  scabrous  alternate  leaves  and 
«• 

fr  128. — Siilaginaceic.  Flowers  unisexual.  Calyx  3-5-parted.  Stamens 
ore,  ih>m  a  tumid  receptacle.  Anthers  2-lobed,  with  vertical  lobes'open- 
ansversely.  Ovary  superior ;  stigma  3-  4-toothed.  Fruit  drupaceous, 
solitary,  suspended,  albuminous.  Trees  or  shrubs.  Leaves  alternate, 
ite. 

T  129,  —  MyricacetB,  Flowers  unisexual,  amentaceous,  achlamydeous. 
9s  6  or  8.  Ovary  1 -celled,  surrounded  by  several  hypogjrnous  scales ; 
olitary,  erect ;  stigmas  2.  Fruit  drupaceous,  or  dry  and  ddiiscent.  Seed 
r,  erect ;  radicle  superior.  Leafy  shrubs,  with  resinous  glands  and  dots, 
alternate. 

r  ISO.—Jugkmdaceip.  Flowers  unisexual.  Calyx  in  the  males  mem- 
s ;  in  the  females  superior.  Petals  in  the  males  0 ;  in  the  females  occa- 
r  present.  Stamens  indefinite,  hypogynous.  Ovary  inferior,  incompletely 
iled  ;  ovule  solitary,  erect.  Fruit  drupaceous,  1 -celled,  with  4  imperfect 
ms.  Seed  4-lobed  ;  radicle  superior.  Trees.  Leaves  alternate,  pinnated, 
t  pellucid  dots  or  stipules. 

.nee  3.—  Casuarales.    Carpels  solitary.    Stems  jointed  andfumished  with 

r  131.  —  CasuaraceeB,  Flowers  unisexual.  Males.  Flowers  whorled 
he  articulations  of  the  jointed  rachis.  Bracts  membranous.  Stamen  1. 
!S  in  dense  spikes.  Rachis  not  jointed.  Calyx  0.  Ovary  lenticular. 
2.  Caryopsides  winged.  Seed  erect  without  albumen.  Branching 
g  trees,  with  jointed  shoots.    Leaves  0. 

nee  4. — Datiscales.    Carpels  several.    Seeds  numerous.    Leaves  alternate. 

r  132.— Dntiscacere.  Flowers  unisexual.  Calyx  of  the  males  in  several 
of  the  females  superior,  toothed.  Stamens  several.  Ovary  1-celled, 
.lyspermous  parietal  placentae.  Fruit  capsular,  1-celled.  Seeds  with  a 
e  strophiole;  embryo  without  albumen.  Herbaceous  branched  plants, 
alternate  without  stipules. 

r  133.— Lucif^iemficea*,  Calyx  in  several  narrow  divisions,  inferior.  Sta- 
jrpogynous.  on  one  side  of  the  ovary,  with  a  thick  2-lobed  connective, 
superior,  1-celled,  with  several  ovules  attached  lo  parietal  placentie. 
ipsular.  1-celled.  Seed  suspended,  with  a  fleshy  aril  ;  albumen  fleshy; 
inverted.    Small  trees  or  shrubs.    Leaves  simple,  with  stipules. 

Group  2.— flc|)Iam$1ro«ae. 

Neither  calyx  nor  corolla  present. 

fice  1.— Piperales.     Carpels  either  solitary,  or  if  more  than  one  quite 

.    Flowers  in  spikes.    Embryo  minute  in  the  base  of  fleshy  albumen. 

•  124.— Chlorwithacea*,    Flowers  hermaphrodite  or  unisexual.   Stamens 
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lateral ;  anthers  1-ceUed,  with  a  fleshy  connective.  Ovary  1 -celled.  Ovule 
pendulous.  Fruit  drupaceous.  Embryo  minute  at  the  apex  of  fleshy  albumen. 
Herbaceous  plants.    Stems  jointed.    Leaves  opposite  with  intervening  stipules. 

Order  135.— Scuirtiractfo*.  Flowers  hermaphrodite.  Stamens  6»  clavate,  p^ 
sistent.  Ovaries  4,  distinct ;  ovules  solitary,  ascending;  or  a  3-  4-celled  pistil. 
Nuts  4,  indehiscent ;  or  3-  4-celled  capsule.  Embryo  minute  in  a  fleshy  sac.  on 
the  outside  ofhard  mealy  albumen.  Herbaceous  marsh  or  water  plants.  Leaves 
idternate  with  stipules. 

Order  136.-- Piperaceee.  Flowers  hermaphrodite.  Stamens  definite  or  inde- 
finite. Ovary  superior,  I -celled,  containing  a  single  erect  ovule ;  stigma  sessile, 
simple.  Fruit  somewhat  fieshy,  indehiscent.  Seed  erect,  with  the  embryo  lying 
in  a  fleshy  sac  placed  at  that  end  of  the  seed  which  is  opposite  the  hiluna,  on  the 
outside  of  the  albumen.  Shrubs  or  herbaceous  plants.  Leaves  without  stipules. 
Flowers  ususlly  sessile  in  spikes. 

Alliance  2.— Salicales.  Flowers  amentaceous.  Fruit  mostly  moH^-^eeded. 
When  one-seeded  in  globular  heads. 

Order  137,— Salicacea.  Flowers  unisexual,  amentaceous.  Ovsry  superior,  1- 
or2-celled;  ovules  numerous,  erect.  Fruit  coriaceous,  1- or  2-celled,  2-valved, 
many-seeded.  Seeds  comose ;  albumen  0.  Trees  or  shrubs.  Leaves  alternate, 
simple,  with  stipules. 

Order  l3S.—Platanacea.  Flowers  amentaceous.  Stamens  single.  Ovaries 
terminated  by  a  thick  style,  having  the  stigmatic  surface  on  one  side ;  ovoies 
solitary,  or  two,  suspended.  Nuts  clavate.  Seeds  solitary;  embryo  in  the  axis 
of  fleshy  albumen.  Trees  or  shrubs.  Leaves  alternate,  with  scarious  sheathing 
stipules.    Catkins  round. 

Order  139. — Balsamacete.  Catkins  unisexual,  roundish.  Anthers  numerous, 
nearly  sessile ;  ovaries  2-celled,  styles  2.  Fruit,  a  kind  of  cone  composed  of 
indurated  connected  scales,  in  the  cavities  of  which  lie  2-lobed  2-celled  capsulei. 
Seeds  compressed,  membranous,  winged.  Embryo  inverted  in  the  midst  of 
albumen.  Tall  trees,  yielding  balsam.  Leaves  alternate,  with  glandular  sem- 
tures.    Stipules  deciduous. 

Alliance  3. — Monimialcs.    Flowers  within  an  involucre.    Sexes  distinct. 

Order  140. —  Monimiacece.  Involucre  tubular,  valvular.  Stamens  indefinite, 
covering  all  the  inside  of  the  involucre;  anthers  bursting  longitudinally.  Ovaries 
superior,  1-celled,  inclosed  within  the  tube  of  the  involucre;  ovule  pendulous. 
Fruit  consisting  of  1 -seeded  nuts,  enclosed  within  the  enlarged  involucre;  em- 
bryo in  the  midst  of  an  abundant  albumen.  Aromatic  trees  or  shrubs.  Leaves 
opposite,  without  stipules.    Flowers  axillary  in  short  racemes. 

Order  lAL—Atherospermaceee,  Involucre  calyx-like,  tubular,  divided  into 
segments  placed  in  two  rows.  Stamens  very  numerous  in  the  bottom  of  the 
involucre;  anthers  bursting  with  a  valve.  Ovaries  usually  indefinite.  Nuts 
terminated  by  the  persistent  styles  become  feathery.  Seed  erect ;  embryo  at 
the  base  of  soft  fleshy  albumen.  Trees.  Leaves  opposite,  without  stipules. 
Flower-heads  axillary,  solitary. 

Alliance  4.— Podostemales.  Flowers  solitary.  Carpels  2  or  3,  combined.  Sefdi 
numerous  and  minute. 

Order  142.— Podostemacea.  Flowers  in  a  membranous  lacerated  spathe. 
Stamens  hypogynous,  l-OO.  Ovary  2-  3-celled;  ovules  numerous,  attached  tea 
central  placenta.  Fruit  capsular;  seeds  numerous,  minute.  Herbs  growing 
under  water,  with  capillary  leaves  and  inconspicuous  flowers ;  or  with  leaves  and 
stem  confounded  in  one  leafy  expansion. 

Alliance  5. — Callitrichales.  Carpels  several, combined,  single- seeded.  Moating 
plants. 

Order  \A3,'-Callitrichacece.  Flowers  unisexual,  with  2  fistular bracts.  Stamens 
single;  anthers  1-celled.  Ovary  solitary,  4-cornered,  4-celled ;  ovules  sol itan'. 
peltate.  Fruit  4-celled,  4-seeded,  indehiscent;  embryo  inverted  in  the  axis  of 
fleshy  albumen.  Aquatic  herbaceous  plants,  with  opposite,  simple  leaves. 
Flowers  very  minute. 
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Group  3* — CubiferoHae 

Calyx  tubular,  often  resembling  a  corolla.  Ovary  usually  single.  Embr}'o 
never  curved  round  albumen. 

Alliance  1. — Santalales.  Calyx  adherent  to  the  ovary.  Anthers  opening  by 
imtgitudinal  fissures. 

Order  \AA, — Santalaceee.  Calyx  half-coloured,  valvate.  Stamens  4-5  inserted 
in  the  base  of  the  calyx.  Ovary  1 -celled.  Ovules  1-4  pendulous  from  the  top 
of  a  central  placenta.  Style  single.  Fruit  1 -seeded,  indehiscent.  Embryo  in 
the  axis  of  albumen.  Trees,  shrubs,  or  herbaceous  plants.  Leaves  alternate, 
without  stipules.    Flowers  small. 

Alliance  2. — Daphnales.  Calyx  inferior^  ttith  an  imbricated  aestivation. 
Carpel  solitary.    Anthers  opening  by  longitudinal  fissures. 

Order  l-io, — Elafas;nace^,  Males:  calyx  4-parted ;  stamens  3  to  8,  sessile. 
Female:  calyx  inferior,  tubular,  pereistent.  Ovary  1 -celled;  ovule  ascending ; 
■tiema  subulate.  Fruit  enclosed  within  the  calyx ;  embryo  surrounded  by  Aushy 
albumen.  Trees  or  shrubs  with  a  scurfy  surface.  Leaves  entire,  without  stipules. 
FIciwcrs  axillarv,  often  fragrant. 

Order  146. — ^Fhymelaceee,  Calyx  inferior,  tubular,  coloured.  Stamens  definite, 
in  the  orifice  of  its  tube.  Ovary  with  one  pendulous  ovule.  Fruit  nut-like  or 
drupaceous.  Albumen  none,  or  thin;  embryo  straight ;  radicle  superior.  Stem 
shrubby.    Leaves  without  stipules. 

Order  147. — Ilernandiacea*,  Flowers  monoecious,  with  a  calycine  involucre 
to  the  females.  Calyx  pctaloid,  inferior,  4-8-parted.  Stamens  definite  in  two 
lows.  Ovary  1-celied;  ovule  pendulous;  stigma  peltate.  Embryo  inverted 
without  albumen.    Trees.     Leaves  alternate. 

Order  148. — Aquilariaceee.  Calyx  tubular,  5-cleft,  with  bearded  scales. 
Stamens  10  or  5.  Ovary  superior  1-cclled;  ovules  two  suspended;  stigma 
Urge,  simple.  Capsule  1-celled,  2-valved.  Seeds  one  on  each  placenta  with  a 
laiMikc  aril ;  albumen  0 ;  radicle  superior.  Trees.  Leaves  alternate  without 
it  i  pules. 

Alliance  3.— Proteales.  Calyx  valvate.  Stamens  opposite  its  lobes.  Fruit 
simple,  follicular. 

Order  149. — Proteacece,  Calyx  valvular.  Stamens  4,  opposite  the  sej^ments 
of  the  calyx.  Ovary  superior ;  style  simple :  stigma  undivided.  Fruit  dehiscent 
or  indehiscent.  Soed  without  albumen.  Shrubs  or  small  trees.  Leaves  hard, 
dry,  without  stipules. 

r   Alliance  4. — Laureales.  Anthers  opening  by  valves.  Carpels  solitary,  superior 
or  in/eriftr. 

Order  liii.—Lauracete.  Calyx  4-6-cleft,  imbricated.  Stamens  definite,  peri- 
gynous ;  anthers  2-4-celled,  bursting  by  a  valve.  Glands  at  the  base  of  the 
inner  filaments.  Ovary  superior  with  one  or  two  pendulous  ovules.  Fruit  baccate. 
Seed  without  albumen;  embryo  inverted.  Trees.  Leaves  without  stipules, 
alternate. 

Order  \5\.—7lligeracea.  Calyx  adherent  to  the  ovary;  the  border  divided  in 
two  rows,  valvular.  Stamens  in  the  top  of  the  tube,  furnished  at  the  base  with 
glands.  Anthers  '2-celled,  opening  by  a  valve.  Ovary  inferior,  1-celled ;  ovule 
pendulous ;  stigma  peltate.  Fruit  indehiscent,  seed  without  albumen ;  cotyle- 
dons twisted. 

Order  IbL—CassythacetB.  Stem  dodder-like,  leafless.  Stamens  9,  without 
glands  ;  anthers  4-celled.    Caryopsis  included  in  the  berried  perianth. 

Alliance  5.— PensBales.    Carpels  several.    Calyx  imbricated  or  valvate. 

Order  1  ^Z.—Peniraceee.  Calyx  inferior  with  bracts  at  its  base,  hypocrateriform, 
limb  valvate  or  imbricated.  Stamens  either  4  or  8.  Ovary  superior,  4-celled. 
Fruit  capsular  4-cclled.  Seed  with  a  nucleus  or  solid  fleshy  mass,  with  no  dis- 
tinction of  albumen  or  embrjo.  Shrubs.  Leaves  opposite,  imbricated,  without 
itlpulei. 


17$  BOTANY. 

Group  4.— Coltttntioifae. 

Stamens  usually  monadelphous,  and  ovary  3-6-celled ;  or  the  latter  tvith  an 
inferior  ovary.    Wood,  without  concentric  zones. 

Alliance  1.— Nepenthales.  I^ral  veitels  between  ux>od  and  bark.  DicBciome. 
Ovary  superior. 

Order  \bA.—Nepenthacea.  Dioecious.  Calyx  inferior.  Stamens  in  a  column ; 
anthers  opening  externally.  Ovary  superior,  4-cornered,  4-celled  ;  stigma 
■essile.  Fruit  capsular,  with  the  seeds  sticking  to  the  sides  of  the  dissepiments* 
Seeds  indefinite,  minute ;  fusiform.  Embryo  in  the  midst  of  fleshy  albumen. 
Herbaceous  or  half-shrubby  plants.  Leaves  alternate,  with  a  dilated  foliaceous 
petiole,  pitcher-shaped  at  end.    Stem  without  concentric  zones. 

Alliance  2. — Aristolochiales.     Ovary  ittferior. 

Order  \bb.  —  Aristolochiacecp,  Hermaphrodite.  Calyx  superior,  valvate 
Stamens  epigynous.  Ovary  inferior,  3-  or  6-celled ;  style  simple ;  stigmas  radiat* 
ing.  Fruit  3-  or  6-celled,  many-seeded.  Seeds  with  a  minute  embryo  in  the 
base  of  fleshy  albumen.  Herbaceous  plants  or  shrubs.  Leaves  alternate,  often 
with  leafy  stipules.  Wood  without  concentric  zones.  Flowers  brown,  or  some 
dull  colour. 

Group  5.— Curbembri^Oj^ae. 

Embryo  curved  round  albumen,  or  having:  the  form  of  a  horse-shoe,  or  spiral 
calyx  rarely  tubular,  sometimes  long  and  petaloid. 

Alliance  1.— Chenopodiales.    Albumen  present.    Radicle  next  the  hihun. 

Order  156. — Amarantacea.  Calyx  scarious  persistent,  immersed  in  dry 
coloured  bracts.  Stamens  hypogynous.  Ovary  superior,  1  or  few-seeded; 
ovules  hanging  from  a  free  central  funiculus.  Fruit  a  utricle.  Seeds  lentifonn; 
albumen  farinaceous ;  embryo  curved  round  the  circumference  ;  radicle  next 
the  hilum.  Herbs  or  shrubs.  Leaves  simple,  without  stipules.  Flowers  in 
heads  or  spikes,  usually  coloured. 

Order  157. — Chenopodiacecp,  Calyx  sometimes  tubular  at  the  base,  persis- 
tent. Stamens  inserted  into  the  base  of  the  calyx,  opposite  its  segments.  Ovaiy 
superior,  with  a  single  ovule  attached  to  the'  base  of  the  cavity.  Fruit  mem- 
branous. Embryo  curved  round  faiinaceous  albumen,  or  spiral,  or  doubled  to- 
gether without  albumen.  Herbaceous  plants  or  under-shrubs.  Leaves  altematt 
without  stipules.     Flowers  small. 

Order  158. — Tetragoniacece,  Like  the  last,  but  ovary  consisting  of  several 
cells. 

Order  159,— Phytolaccace€P.  Calyxof  4  or  5  petaloid  leaves.  Stamens  inde- 
finite, or  if  equal  to  the  number  of  the  divisions  of  the  calyx  alternate  with 
them.  Ovary  of  from  1  to  several  cells,  each  containing  1  ascending  ovule. 
Fruit  baccate  or  dry.  1  or  many-celled.  Seeds  solitary,  with  a  cylindrical  embryo 
curved  round  mealy  albumen.  Under-shrubs  or  herbaceous'  plants.  Leavei 
alternate,  without  stipules,  often  with  pellucid  dots. 

Alliance  2.— Polygonales.  Albumen  present.  Radicle  at  the  end  qf  the  em- 
bryo most  remote  from  the  hilum, 

•  Order  160.-^ Polygonace€B.  Calyx  inferior,  imbricated.  Stamens  definite. 
Ovary  superior,  with  a  single  erect  ovule.  Nut  triangular.  Seed  with  faiina- 
ceous albumen  ;  embryo  inverted  ;  radicle  remote  from  the  hilum.  Herbaceous 
plants,  rarely  shrubs.  Leaves  alternate,  their  stipules  cohering  in  the  form  of 
an  ochrea. 

Alliance  3.— Petiveriales.    Albumen  absent.    Cotyledons  spiral. 

Order  16\ ,— Petiveriace^,     Calvx  of  several  distinct  leaves.     Stamens  peri- 

gynous,  indefinite,  or  if  equal  to  the  segments  of  the  calyx,  alternate.     Ovary 

superior  1 -celled;   ovule  erect.     Fruit  1 -celled,  indehiscent,  dry.    Seed  without 

albumen ;  radicle  inferior.  Under-shrubs  or  herbaceous  plants,  with  an  alliaceous 

odour.    Leaves  alternate,  with  disUnct  sU^^ules,  often  with  minute  pellucid  dots. 
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Alliance  4.~  Scleralti.    T\ib€  qf  the  calyx  hardened. 

Order  162,— -Scieranthaceip.  Hermaphrodite. ;  Calyx  4  or  54oothed.  Stamens 
from  1  to  10.  Ovary  simple,  superior,  1 -seeded.  Fruit  a  utricle  inclosed  within 
the  hardened  calyx.  Seed  pendulous  from  a  funiculus ;  embryo  cylindrical, 
curved  round  farinaceous  albumen.  Small  herbs.  Leaves  opposite,  without 
stipules.    Flowers  axillary,  sessile. 

Order  \ 63.^ Nyctaginaceip.  Calyx  tubular,  somewhat  coloured;  becoming 
indurated  at  the  base.  Stamens  definite,  hyposynous.  Ovary  superior,  with  a 
tingle  erect  ovule.  Fruit  a  utricle,  enclosed  within  the  base  of  the  calyx  ;  em- 
biyo  with  foliaceous  cotyledons,  wrapping  round  floury  albumen.  Stem  either 
herbaceous,  shrubby,  or  arborescent.  Leaves  opposite,  and  almost  always  un- 
equal; sometimes  alternate.  Flowers  having  an  enclosure  wtiich  is  either 
common  or  proper. 

Alliance  5.— Cocculales.  Albumen  present.  Flowers  formed  upon  a  ternary 
plan,  teith  the  divisions  of  the  calyx  in  two  rows. 

Order  164. — Menispermacetp.  Flowers  unisexual,  usually  very  small.  Sepals 
in  one  or  several  rows.  Stamens  monadelphous  or  distinct.  Anthers  turned 
outwards.  Ovaries  numerous,  each  with  one  style,  sometimes  soldered  together 
into  a  many-celled  body;  which  is  occasionally  in  consequence  of  abortion;  1- 
eelled.  Drupes  berried,  1-seeded  ;  embryo  curved  lying  in  albumen;  radicle 
superior.  Shrubs  with  a  sarmentaceous  habit.  Leaves  alternate.  Flowers 
imall. 

Sub-order. — Lardizabalece,    Carpels  many-seeded.    Leaves  compound 

Sub-class  IIL— MONOPETALiE. 

Group  1 ,— $ol])carpo{lae. 

Oviry  of  several  carpels  either  combined  or  distinct. 

Alliance  1.' — Brexiales.  Albumen  absent.  Carpels  5.  Sterile  stamens 
hehteen  the  fertile  ones.    Seeds  indefinite. 

Order  165. — Brexiacea*.  Calyx  inferior,  5-parted.  Petals  5,  hypogvnous,  im- 
biieated.  Stamens  5,  hypogynous,  iVom  a  cup,  toothed  between  each  stamen. 
Ovary  5-celled,  ovules  attached  in  two  rows  to  the  axis:  style  1.  Fruit  drupa- 
Mont;  albumen  0.  Trees,  with  nearly  simple  trunks.  Leaves  coriaceous,  alter- 
Mte,  with  stipules. 

Alliance  2.—  Ericales.  Anthers  opening  by  pores,  hard  and  dry,  often  with 
tfpemiages.     Carpels  from  4  to  5  or  more. 

Order  166. — Pyrolaceie.  Calyx  4-5-leaved,  inferior.  Corolla  regular,  4-5- 
part«d.  Stamens  hypogynous;  anthers  opening  by  pores.  Ovary  4-5-celled; 
iljrl*  declinate ;  stigma  indusiate.  Fruit  capsular,  many-seeded.  Seeds  winged. 
Koibryo  minute,  at  the  base  of  fleshy  albumen.  Usually  herbaceous  plants. 
Lfavei  simple. 

Onfer  167. — Monotrcpaceee.  The  same  as  Pyrolaceae,  except,  style  straight; 
anthers  bursting  longitudinally ;  embryo  minute,  at  the  apex  of  fleshy  albumen ; 
stemn  leafless,  or  nearly  so,  but  covered  with  fleshy  scales.    Parasitical  plants. 

Order  \6H.—Krirac€(p.  Calyx  4  or  5-cleft,  inferior.  Coi-olla  hypogynous,  4- 
or  S*e]eft,  imbricated.  Stamens  definite,  hypogynous ;  anthers  2-celled,  dehis- 
finc  by  a  pore.  Ovary  many-celled,  many-seeded;  style  1.  Fruit  capsular. 
Beeds  indennite,  minute ;  emoryo  in  the  axis  of  albumen.  Shrubs  or  under 
shmbe.     Leaves  evergreen,  rigid,  without  stipules. 

Order  169. —  Vacrinacptp,    In  all  things  like  the  last,  but  ovary  inferior. 

Order  170. — Kpacridacecp.  Same  as  Ericaces,  but  anthers  1 -celled,  and 
opening  longitudinally. 

Alliance  3.— Primulales.  Anthers  bursting  longitudinally  without  appendages. 
CarpeU  4-5.    Fruit  qften  l-celled. 

Ord€r  171.^  Primulacetp.      Calyx  4-5-cleft,  perB\slei\\.     Coto\\«.  i^%v\^^* 
Stmcni  vuerted  upon  the  corolla  opposite  its  segmeiAs.     ONa.T^  \-^^^^\ 
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style  1 ;  stifrma  capitate.     Capsule  with  a  central  placenta.    Embryo  lying 
across  the  hilum  in  fleshy  albumen.    Herbaceous  plants.' 

Order  1 72. — Myrsinaeea.  Calyx  4-  or  5-cleft.  Corolla  hypogynous.  Stamens 
opposite  the  segments  of  the  corolla;  filaments  distinct,  sometimes  5,  sterile, 
petaloid.  Ovary  1  witft  a  free  central  placenta,  style  1.  Fruit  fleshy,  mostly 
1-seeded.  Seeds  peltate,  albumen  horny;  embryo  lying  across  the  hilum.  Trees 
or  shrubs.  Leaves  alternate,  serrated,  coriaceous ;  stipules  wanting. 
I  Order  ^S.-^-Sapotaceof.  Calyx  regular,  persistent.  Coi-olla  hypogynous,  its 
segments  usually  equal  in  number  to  those  of  the  calyx,  seldom  twice  or  thrice 
as  many.  Stamens  arising  fVom  the  corolla,  definite.  Anthers  usually  turned 
outward; 'sterile  stamens.  Ovaij  with  several  cells,  1  erect  ovule.  Style  1. 
Fruit  baccate.  Seeds  nut-like.  Testa  bony,  shining.  Embryo  large,  usually  in 
fleshy  albumen.  Trees  or  shrubs.  Leaves  alternate,  without  stipules,  coriaceous. 

Order  174. — Ebenacea.  Calyx  in  3  or  6  divisions.  Corolla  hypogynous, 
usually  pubescent,  imbricated.  Stamens  definite ;  twice  as  many  as  the  segments 
of  the  corolla,  four  times  as  many,  or  the  same  number.  Ovary  several-celled, 
the  cells  having  1  or  2  ovules,  pendulous ;  style  divided.  Fruit  fleshy,  few- 
aeeded.  Albumen  cartilae^ino us;  embryo  in  the  axis  ;  radicle  turned  towards 
the  hilum.  Trees  or  shrubs  without  milk.  Leaves  alternate,  coriaceous. 
,   Sub-order. — Styracem,    Ovary  inferior.    Stamens  perigynous.    Style  simple. 

Order  1 75.—Aqui/oliaceafy  Sepals  4  to  6,  imbricated.  Corolla  hypogynous. 
Stamens  alternate  with  its  segments.  Disk  none.  Ovary  with  from  2  to  6 
cells;  ovules  solitary,  pendulous.  Fruit  indehiscent,  with  from  2  to  6  stones. 
Seed  suspended ;  albumen  large  ;  embryo  small,  2-lobed.  Trees  or  shrubs. 
Leaves  coriaceous.    Flowers  small. 

Alliance  4. — Nolanales.    Fruit  divided  into  distinct  lobes. 

Order  1 76. — Noiandce€e,  Calyx  5-parted.  Corolla  plaited,  usually  thickened 
in  the  tube.  Stamens  alternate  with  the  segments  of  the  corolla.  Pistil  several 
carpels,  either  distinct,  or  partially  combined ;  style  single.  Stigma  capitate. 
Fruit  enclosed  in  the  calyx;  pericarp  woody.  Seeds  ascending,  solitary ;  embryo 
curved,  with  a  small  quantity  of  albumen.  Herbaceous,  or  sufifruticose  plants. 
Leaves  alternate,  without  stipules. 

Alliance  5. — Volvales,  Carpels  2-4,  combined.  Anthers  never  opening  by 
p(res. 

Order  177. — Convdvulacecp.  Calyx  persistent,  in  5  divisions,  remarkably  im- 
bricated, often  unequal.  Corolla  hypogynous,  plaited.  Stamens  5,  inserted  into 
the  base  of  the  corolla.  Ovary  with  2  or  4  cells;  few  seeded;  ovules  erect; 
style  1.  Disk  annular.  Capsule  with  the  valves  fitting  at  their  edges  to  the 
angles  of  a  loose  dissepiment.  Seeds  with  mucilaginous  albumen  ;  embiyo 
curved:  cotyledons  shrivelled.  Herbaceous  plants  or  shrubs,  usually  twining 
and  milky.    Leaves  alternate. 

Order  178. — Cusctitaceep.  Calyx  persistent,  4-  5-parted,  imbricated.  Corolla 
persistent,  imbricated.  Scales  alternating  with  segments  of  corolla ;  stamens 
opposite  the  last.  Ovary  2-celled ;  ovules  in  pairs  erect;  styles  2.  Capsule. 
Embr}o  spiral,  acotyledonous,  in  fleshy  albumen.  Leafless  parasites. 
♦  Order  179.  —  Polemoniacea?.  Calyx  5-parted.  Corolla  regular,  5-lobed. 
Stamens  5,  unequal,  on  the  tube  of  the  corolla.  Ovary  3-celled  ;  stigma  3-lobetl. 
Capsule  3-celled ;  3-valved,  the  valves  separating  from  the  axi**.  Embryo  in 
the  axis  of  horny  albumen.     Herbaceous  plants.     Leaves  opposite. 

Order  ISO.— Diapensiace<p.  Calyx  of  5  sepals,  which  are  much  imbricated. 
Corolla  regular,  imbricated.  Stamens  arising  from  the  margin  of  the  corolla; 
anthers  2-celled,  with  a  broad  connective,  bursting  transversely.  Disk  0.  Ovary 
3-celled  ;  style  single.  Capsule  membranous.  Seeds  peltate.  Embryo  slender, 
lying  across  the  hilum  in  fleshy  albumen.  Under-shrubs,  with  small  imbricated 
leaves. 

Order  IQl.  — Hydroleaea*.  Calyx  5-parted,  slightly  imbricated.  Corolla 
regular.  Stamens  from  between  the  lobes  of  the  corolla,  regular;  anthers  with 
a  narrow  connective.  Ovary  2-  or  3-celled ;  styles  2  or  3.  Fruit  capsular, 
enclosed  in  the  calyx.  Seeds  indefinite,  very  small ;  albumen  fleshy  ;  embryo 
orthotropous.  Herbaceous  plants,  or  under-shrubs.  Leaves  alternate^  with 
Btipules. 
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Group  2, — Crpiggnotfar. ' 

Ovary  inferior,  U5;iial1v  with  an  epigynous  disk;  composed  of  two  or  more 
carpels.  Anthers  never  bursting  by  pores.  Stamens  always  inserted  into  the 
corolla. 

Alliance  I.— Campanales.    Stipules  absent.    Seeds  indefinite  in  number. 

Order  182. — Lobeliacece,  Calyx  5-lobcd,  or  entire.  Corolla  irregular,  5-lobed» 
or  5-cleft.  Stamens  5  ;  anthers  cohering.  Stigma  fringed.  Fruit  capsular,  1  - 
or  more  celled,  many-seeded ;  embryo  in  the  axis  of  albumen.  Herbaceous  plants 
or  shrubs.    Leaves  alternate,  without  stipules. 

Order  183. —  Campanulacefp,  Calyx  persistent.  Corolla  usually  5-lobed. 
urithering,  regular,  valvate.  Stamens  alternate  with  the  lobes  of  the  corolla. 
Anthers  distinct.  Stigma  naked.  Fruit  dehiscine  by  apertures,  or  valves.  Seeds 
numerous ;  embryo  in  the  axis  of  alhumen.  Herbaceous  plants  or  under-shrubs, 
yielding  a  white  milk.    Leaves  alternate,  without  stipules. 

Sub-order  f — Sphenocharerp,  Corolla  5-parted,  inflexed.  Stamens  5  in  the 
recesses  of  the  corolla.  Ovary  *2-celled.  Capsule  cii-cumscissile ;  embryo  with- 
out albumen.    Flowers  minute. 

Order  184? — Behisiaretp,  Calyx  persistent.  Corolla  plaited,  many-lobed, 
deciduous.  Stamens  definite  or  indefinite.  Stigma  lobed.  Fruit  berried,  many- 
seeded.    Shrubs.     leaves  alternate,  entire,  without  stipules. 

Order  185. — Colur,telliacece,  Calyx  5-parted.  Corolla  5-8-parted,  imbricated. 
Stamens  2;  anthers  3-lobed,  sinuous.  Stigma  capitate.  Disk  epigynous,  fleshy. 
Fruit  2-celled,  many-scedt>d.   Shrubs  or  trees.  leaves  opposite,  wittiout  stipules. 

Order  186. — Stylidiacecp,  Calyx  2-6-parted,  permanent.  Corolla  irregular, 
imbricated.  Stamens  2,  connate  into  an  elastic  slender  column,  with  which  the 
style  is  consolidated.  Ovary  2-celled.  Capsule  2-valYed,  many-seeded.  Seeds 
albuminous.    Glandular  herbs. 

Alliance  2.— Goodeniales.    Stigma  with  an  indusium. 

Order  IS7, ^Goodeniacece,  Calyx  equal,  or  unequal.  Corolla  more  or  less 
irregular,  split  at  the  back ;  the  segments  folded  inwards  in  estivation.  Stamens 
5.  distinct.  Ovary  with  indefinite  ovules ;  stigma  surrounded  by  a  membranous 
cup.  Fruit  a  capsule;  albumen  fleshy.  Herbaceous  plants,  rarely  shrubs, 
without  milk.    Leaves  scattered,  without  stipules. 

Order  188. —  Saevoiaceee.  Calyx  sometimes  obsolete.  Corolla  irregular, 
•plit  at  the  back,  the  edges  of  the  divisions  folded  inwards  in  aestivation.  Sta- 
mens 5,  distinct ;  anthers  distinct  or  united.  Ovary  few-celled,  with  solitary  erect 
ovules ;  stigma  surrounded  by  a  cup.  Fruit  drupaceous  or  nucamentaceous. 
Herbaceous  plants  with  the  flowers  axillary  or  terminal  and  never  in  heads. 

I    Alliance  3.— Cinchonalcs.     Stipules  between  the  leaves. 

Order  \bO,^Cinchcnace€P.  Calyx  simple.  Corolla  tubular,  regular,  valvale 
CT  imbricated.  Stamens  all  on  the  same  line.  Ovary  surmounted  by  a  disk; 
ovules  numerous  or  few.  Fruit  cither  splitting,  or  indehiscent  and  dry,  or  suc- 
culent. Seeds  definite  or  indefinite;  embryo  small,  surrounded  bv  htrny  albu- 
men. Trees,  shrubs,  or  herbs.  Leaves  simple,  opposite  or  veilicillale,  with  in- 
terpetiolary  stipules. 

Order  iSO.^Lygodysodeacea?,  .In  all  things  Cinchonaceous,  except,  ovary  1- 
celled,  with  2  ovules.    Pericarp  brittle,  1-celled.    Placentae  2,  free.    Seeds  2, 

Sendulous  from  the  apex  of  the  placentae.     Albumen  0.     Twining  shrubs, 
tipules  single  between  the  petioles. 

Alliance  4.— Capriales.    Stipules  wanting-.    Leaves  opposite.    Seeds  definite.  ' 

Order  lOL—Caprifoliaceiff.  Calyx  4-5cleft,  with  bracts  at  its  base.  Corolla 
monopetalous  or  polypelalous,  rotate  or  tubular,  regular  or  irregular.  Stamens 
epipetalous.  Ovary  with  from  1  to  3  or  4  cells.  Fruit  indehiscent,  1  or  more 
celled.  Embryo  straight  in  fleshy  albumen.  Shrubs  or  herbaceous  plants,  with 
opposite  leaves,  destitute  of  stipules.^ 
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Alliance  5.— Stellales.    FMt  dtdymmu.    Leavet  whorled  toithout  stipulei. 
Stem  angular. 

Order  102,— Oaliacea,  or  Stellata.  Calyx  4-  5-  or  6-lobed.  Corolla  rotate  or 
tubular,  regular.  Stamens  equal  in  number  to  the  lobes  of  the  corolla.  Ovary 
2-celled ;  ovules  solitary,  erect.  Fruit  a  didymous,  indehiscent  pericarp.  Em- 
bryo straight  in  horny  albumen.  Herbaoeous  plants,  with  whorled  leaves, 
destitute  of  stipules.    Angular  stems. 

Group  8« — Kggreg^Hae. 

Only  one  perfect  carpel  present. 

Alliance  1. — Asterales  or  Composite.  Anthers  syngenemus.  Flowers  in 
heads  surrounded  by  an  involucre. 

Order  1 93. — Calycerace^e.    Albumen  present ;  seed  pendulous. 

Order  194.— Mutisiacece,    Albumen  absent;  seed  erect.    Corolla  bilabiate. 

Order  \05. — Cichoracece,  Albumen  absent ;  seed  erect.  Corolla  ligulate,  or 
1-lipped.    Juice  milky. 

Order  196. — Asteracece  or  Corymhiferce,  Albumen  absent ;  seed  erect.  In- 
volucre hemispherical.    Florets  of  the  ray  ligulate  if  present. 

Order  \91. — Cynca-aceis  ox  Cynarocephcdee,  Albumen  absent ;  seed  ereet  In- 
volucre rigid  or  spiny,  conical. 

Alliance  2. — Dipsales.    Anthers  distinct.    Ovary  iriferior. 

Order  198. — Dipsacete.  Calyx  superior,  membranous  ;  surrounded  by  an  tn- 
volucel.  Corolla  oblique,  imbricated.  Stamens  4  ;  anthers  distinct.  Ovary  l- 
celled  with  a  pendulous  ovule ;  stigma  simple.  Fruit  crowned  by  the  pappus- 
like calyx;  embryo  in  fleshy  albumen.  Herbaceous  plants  or  under-ihrubs. 
Leaves  opposite  or  whorled.    Flowers  surrounded  by  a  many-leaved  involucre. 

Order  199. —  Valerianaceae,  Calyx  superior,  membranous,  or  resembling 
pappus.  Corolla  tubular,  regular  or  irregular,  sometimes  calcarate.  Stamens  1 
to  5.  Ovary  with  1  perfect  cell,  and  2  other  abortive  ones;  ovule  pendulous; 
stigmas  1  to  3.  Fruit  dry.  Embryo  destitute  of  albumen.  Herbs.  Leaves 
opposite,  without  stipules.    Flowers  corymbose,  panicled,  or  in  heads. 

Alliance  3. — Brunoniales.  Style  single,  Stigma'with  an  indusium.  Flowers 
in  headu. 

Order  200. — Brunoniaeeep,  Calyx  inferior,  with  bracts  at  the  base.  Corolla 
almost  regular,  5-parted.  Stamens  definite,  hypogynous  ;  anthers  slightly 
cohering.  Ovary  I -celled  wi»h  an  erect  ovule;  stigma  in  a  cup.  Fruit  mem- 
branous, enclosed  within  the  indurated  tube  of  the  calyx.  Seed  without  alba- 
men.     Herbaceous  plants.    Leaves  radical,  with  no  stipules. 

Alliance  4.— Plant  ales.  Flowers  on  scapes.  Style  single.  Stigma  naked. 
Ovary  superior.    Flowers  in  heads,  or  spikes,  or  panicles. 

Order  201, — Plantaginacece.  Calyx  4-parted.  Corolla  membranous,  hypogy- 
nous,  4- parted.  Stamens  4;  filaments  flaccid;  anthers  versatile.  Ovary  without 
a  disk ;  ovules  peltate  or  erect,  solitar]^,  twin,  or  indefinite ;  stigma  hispid, 
simple.  Capsule  membranous.  Embryo  in  fleshy  albumen.  Herbaceous  plants, 
with  spiked  inconspicuous  flowers. 

Order  2Q2,'-'Globulariaceee,  Calyx  persistent,  5-cleft,  sometimes  2-lipped. 
Corolla  hypogynous,  bilabiate.'  made  up  of  5  l)arts.  Stamens  4,  from  the  tube 
of  the  corolla.  Ovary  superior,  1 -celled,  with  a  pendulous  ovule.  Albumen 
Heshy.    Shrubs  or  herbs.    Leaves  alternate.    Flowers  in  heads. 

Order  203,  —  Salvadoraceee,  Calyx  inferior,  4-leaved.  Corolla  4-parted. 
Stamens  connecting  the  petals.  Ovary  superior,  1-celled,  with  a  sessile  stigma ; 
ovule  erect.  Embryo  amygdaloid,  without  albumen.  Shrubs.  Leaves  opposite. 
Flowers  minute. 

Alliance  5. — Plumbales.    Styles  5.    Flowers  quinary.    Ovary  superior. 

Order  204,— Plumbaginace€B,  Calyx  tubular,  plaited.  Corolla  regular.  Sta- 
mens definite.    Ovary  superior,  1 -seeded ;  ovule  pendulous,  from  an  umbilical 
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cord ;  styles  5.    Fruit  a  utricle.    Seed  inverted.    Herbaceous  plants,  or  shrubs. 
Leaves  alternate,  undivided,  somewhat  sheathing. 

Group  4. — ipucamentotfae. 

Firuit  consisting  of  4  bony  lobes,  which  are  either  originally  distinct,  or  which 
become  distinct  more  or  less  when  fully  ripe,  or  which  are  separable  into  little 
nuts.     If  capsular,  inflorescence  gyrate. 

Alliance  1. — Phaceiiales.    Fruii  capsular.    Inflorescence  gyrate. 

Order  205,— HydrophyUareep.  Calyx  5-cleft,  with  reflexed  appendages.  Co- 
rolla regular.  Stamens  5.  epipetalous.  Ovary  simple,  1-celled;  placentee  2. 
Fniit  2-valved.  Seeds  reticulated ;  embryo  cartilaginous.  Herbaceous  plants. 
Leaves  usually  lobed. 

Alliance  2. — Echiales.  Fruit  nucameniaceous,  Inflf>rescence  gyrate.  Flowers 
symmetrical. 

Order  206.  —  Cordiarecp,  Calyx  5-toothed.  Corolla  regular.  Stamens 
alternate  with  the  segments  of  the  corolla.  Ovary  4 -celled,  with  1  pendulous 
ovule  in  each  cell ;  stigma  4- cleft.  Fruit  drupaceous,  4-eelled.  Seed  pen- 
dulous by  a  funiculus ;  cotyledons  plaited :  albumen  0.  Trees.  Leaves 
scabrous,  without  stipules. 

Order  207. — Ehretiacete.  Calyx  5-parted,  imbricated.  Corolla  tubular,  im- 
bricated. Stamens  from  the  bottom  of  the  tube.  Ovary  in  an  annular  disk,  2- 
or  more  celled ;  stigma  simple  ;  ovules  suspended.  Seed  solitary  ;  embryo  in 
thin  albumen.  Trees  or  shrubs,  with  harsh  pubescence.  Leaves  alternate,  with- 
out stipules. 

Order  208. — Boraginaceee,  Calyx  persistent.  Corolla  hypogynous,  regular. 
Stamens  upon  the  petals,  equal  to  the  lubes  of  the  corolla.  Ovary  4-parted.  4- 
■ceded;  style  simple;  stigma  simple  or  bifid.  Nuts  4,  distinct.  Seed  without 
albumen.  HerbMeous  plants  or  shrubs.  Stems  round.  Leaves  alternate, 
covered  with  asperities. 

Alliance  3.  —  Labiates.  Fruit  nucamentaceous.  Inflorescence  terminal  or 
mxiiiary.    Flowers  unsymmeiricaU  qflen  didymtmous. 

Order  209. — Lamiacea?  or  Labiatip,  Caljrx  tubular,  persistent.  Corolla  bila- 
biate. Stamens  didynamous,  the  2  upper  sometimes  wanting.  Ovary  4-lobed ; 
atyle  1 ;  stigma  bifid.  Fruit  1  to  4  small  nuts.  Seeds  with  no  albumen.  Herba- 
ceous plants  or  under-shrubs.  Stem  4-comered.  Leaves  opposite,  replete  with 
aromatic  oil.    Flowers  in  axillary  cvmes ;  sometimes  solitary. 

Order  210. —  Verbenacecp,  Calyx  tubular.  Corolla  irregular.  Stamens 
didynamous,  occasionally  2.  Ovary  2-  or  4'Celled  ;  ovules  erect  or  pen- 
dulous ;  style  I  ;  stigma  bifid.  Fruit  composed  of  2  or  4  nucules  in  a  state  of 
adhesion  ;  albumen  none.  Trees  or  shrubs,  sometimes  herbaceous  plants. 
Leaves  opposite,  without  stipules.  Flowers  in  opposite  corymbs,  or  spiked  alter- 
aately  ;  sometimes  in  dense  heads. 

Order  2\\. — Myoporaoete,  Calyx  5-parted.  Corolla  tubular,  nearly  equal  or 
9-Hpped.  Stamens  didynamous.  Ovary  2-4-celled ;  ovules  pendulous.  Fruit 
a  2-4-celled  drupe.  Seeds  albuminous.  Shrubs  with  little  hairiness.  Flowers 
axillary,  without  bracts. 

Order  212,— -SelaginacetF,  Calyx  tubular,  rarely  of  two  sepals.  Corolla 
tubular,  hypogynous,  more  or  less  irregular.  Stamens  usually  didynamous, 
seldom  2;  anthers  1-celled.  Ovary  superior,  ver?  minute.  Disk  fleshy.  Fniit 
9-celled,  the  cells  1 -seeded,  membranous.  Seed  pendulous;  embryo  in  fleshy 
albumen.  Herbaceous  plants  or  shrubs.  Leaves  alternate,  often  fasciolea. 
Flowers  sessile,  spiked,  with  large  bracts. 

Order  2\3,Stilbace€e.  Calyx  tubular.  Corolla  hypogynous,  somewhat  3- 
lipped,  valvate.  Stamens  inserted  into  the  top  of  the  tube  of  the  corolla,  the 
upper  one  always  rudimentary,  or  obliterated ;  anthers  2-celled.  Ovary  superior, 
3-eelled ;  ovule  erect ;  stigma  simple.  Disk  0.  Fruit  1-seeded  surrounded  by 
the  calyx.  Leaves  whorled,  narrow,  rigid,  without  stipules.  Flowers  in  dense 
epiket. 
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Group  5. — JKtatpniM. 

Carpels  2»  capsular,  with  a  distinct  central  placenta;  never  nucamentaceous. 
Flowers  never  ^rate. 

Alliance  1.  —  Bignoniales.  Hotcei's  tinsyrmnetricalt  vsualJy  didt/namous. 
Seeds  often  triik  wings  or  iai'l-like  processes.  Albumen  0.  Siaiks  of  the  seeds 
never  hooked. 

Order  2 1 4.—  Pedaliaretp,  Calyx  of  5  pieces.  Corolla  irregular ;  rather  valvale. 
Disk  hypogynous  fleshy.  Stamens  didynamous.  Ovary  1-  or  2-celled,  some- 
times with  spurious  cells ;  stigma  2-lobed.  Fruit  hard  and  woody  or  membranous. 
Seeds  not  winged;  albumen  none.  Herbaceous  plants  with  nearly  opposite 
leaves.    Flowers  each  with  two  bracts. 

Order  215. — Bignoniarea*,  Calyx  sometimes  spathaceous.  Corolla  irregular. 
Stamens  5,  of  which  1  always  and  sometimes  3  are  sterile.  Ovary  in  a  disk,  2- 
celled,  polyspermous  ;  style  1 ;  stigma  of  2  plates.  Capsule  2-valved,  2-celled, 
long  and  compressed.  Seeds  often  winged;  albumen  0.  Trees  or  shrubs, 
often  twining  or  climbing.    Leaves  opposite,  compound,  without  stipules. 

Order  216. --CyrtQfidraceie.  Calyx  campanulate,  equal.  Corolla  irre  ar, 
imbricated.  Stamens  didynamous.  Disk  annular.  Ovary  1 -celled,  with  2 
double  placentse ;  stigma  2-lobed.  Fruit  capsular  and  siliquose,  or  succulent, 
many-seeded.  Seeds  minute,  often  with  little  tails ;  albumen  absent.  Herbs. 
Leaves  opposite,  often  radical.    Flowers  showy,  in  umbels. 

Alliance  2. — Acanthales.  Flowers  usually  didynamous.  Seeds  adhering  to 
hard  hook- like  processes.  Albumen  0.  Calyx  as  if  in  more  whorls  than  one; 
often  enveloped  in  bracts. 

Order  21 7. — Acanthaceee.  Calyx  very  much  imbricated,  persistent.  Corolla 
irregular,  2-lipped.  Stamens  mostly  2.  Ovary  in  a  disk,  2-celled,  2  or  many- 
seeded  ;  stigma  2-lobed.  Capsule  2-celled,  bursting  elasticHlly.  Seeds  haDging 
bv  processes  of  the  placentae,  tiard,  usually  hooked ;  albumen  none.  Herbaceous 
plants  or  shrubs.  Leaves  opposite,  without  stipules.  Inflorescence  in  spikes, 
racemes,  fascicles,  or  even  solitary.    Flowers  usually  opposite  placed  in  bracts.  ^ 

Alliance  3. — Lentibales.  Flowers  unsymmetn'cal,  diandrous.  Fruit  with  a 
free  ce?itral  placenta.    Marsh  or  water  plants,  j 

Order  2 1  S.—Letitibulocete.  Calyx  persistent,  inferior.  Corolla  irregular,  bila- 
hiate,  with  a  spur.  Stamens  2;  anthers  simple.  Ovary  1-cellei;  stigma 
bilabiate.  Capsule  1-celied.  Seeds  minute,  without  albumen.  Herbaceous 
plants.  Leaves  undivided,  or  resembling  roots,  and  bearing  vesicles.  Flowers 
single,  or  in  spikes. 

Alliance  4. — Scrophulales.  Flowers  diandrous,  or  didynamous.  Seeds  with 
the  embryo  in  albumen;  their  stalks  never  hooked.  Fruit  capsular ;  placenta 
parallel  with  the  axis. 

Order  219. — Gesneracete.  Calyx  half  superior,  valvate.  Corolla  tubular, 
with  an  imbricate  aestivation.  Anthers  cohering  with  a  thick  connective.  Ovary 
1-celled,  with  two  2-lobed  polyspermous  placentae  ;  surrounded  by  glands ; 
stigma  capitate.  Embryo  in  the  axis  of  albumen.  Herbaceous  plants  or  under- 
shmbs.    Leaves  opposite,  rugose,  without  stipules. 

Order  220. — Orobanchacece.    Calyx  permanent.    Corolla  irregular.     Stamens 
didynamous.    Ovary  1-ceIled,  in  a  fleshy  disk,  with  2  or  4  parietal  placentae; 
stigma  2-lobed.     Fruit  capsular,  many-seeded,  enclosed  within  the  withered  per- 
manent corolla;    seeds  very  minute;    embryo  extremely  small,  in  the  apex  of 
fleshy  albumen.    Parasitical  brown  leafless  herbs. 

Order  221. — Scrophulariacerp.  Calyx  tubular,  permanent.  Corolla  irregular. 
Stamens  didynamous  or  2.  Ovary  2-celled;  ovules  numerous  ;  stigma  2-lobed. 
Pruit  2-celled  ;  seeds  indefinite  or  definite,  albuminous.  Herbs  or  shrubs  with 
opposite  or  alternate  exstipulate  leaves. 

Alliance  5.— Solanales. '  Flowers  symmetrical.  ^  Placmta  parallel  with  the 
axis.    Embryo  li/ing  in  albumen. 
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Order  222.— Solanace^,  Calyx  persist ent,  inferior.  Corolla  regular,  or  some- 
tirhat  unequal,  plaited.  Stamens  inserted  upon  the  corolla.  Ovary  2-celled; 
stigwB,  simple.  Pericarp  with  2,  or  4,  or  many  cells.  Seeds  numerous;  embryo 
in  fleshy  albumen.  Herbaceous  plants  or  shrubs.  leaves  alternate,  sometimes 
coUateral.    Inflorescence  often  out  of  the  axil ;  pedicels  without  bracts. 

Order  223. — Cestrace€e,  Same  as  Solanaceae*  but  corolla  valvate,  embryo 
straight,  cotyledons  foliaceous. 

Alliance  6.— Gentianales.  Ffowers  symmetrical,  usually  ietrandrous  or  penian^ 
drvus.  Placenta  perpendicular  to  the  axis.  Seeds  often  vittged  or  comose. 
Leate$  opposite. 

Order  224. — Gentianacerrf,  Calyx  inferior,  persistent.  Corolla  reticular,  with 
■n  imbricated  twisted  sestivation.  Stamens  inserted  upon  the  corolla,  some  of 
them  occasionally  abortive.  Ovary  1-  or  2-celled  ;  stigmas  1  or  2.  Capsule  or 
berry  many-seeded  ;  the  margins  of  the  valves  turned  inwards.  £mbr}'o  in  the 
axis  of  soh  albumen.  Herbaceous  plants.  Leaves  opposite,  entire,  without 
stipules,  3-5-ribbed. 

Order  225. — Spigeliaceee.  Calyx  inferior.  Corolla  regular,  valvate.  Stamens 
5.  Ovary  2-celled;  style  articulated  with  it.  Fruit  2-celled,  2-valved,  the 
valves  turned  in  at  the  margin.  Seeds  several ;  embr)'o  ver]^  minute,  in  fleshy 
albumen.    Herbaceous  plants  or  under-shruhs.    Leaves  opposite,  with  stipiUes. 

Order  226. — Apocynaceep.  Calyx  persistent.  Corolla  regular,  5-lobed,  con- 
torted. Stamens  5.  Filaments  distinct.  Pollen  granular.  Ovaries  2,  or  I •  2- 
celled,  polyspermous.  Stigma  1 .  Fmit  double,  or  single.  Seeds  with  fleshy 
albumen.  Trees  or  shrubs,  usually  milky.  Leaves  opposite,  quite  entire,  often 
bavine  glands  upon  the  petioles,  with  no  stipules. 

Order  227. — Asclef/iadace^v.  Calyx  persistent.  Corolla  5 -lobed,  regular,  im- 
bricated, very  seldom  valvular.  Stamens  5.  Filaments  connate.  Anthers  2- 
celled.  Pollen  cohering  in  masses,  and  sticking  to  5  processes  of  the  stigma. 
Otaries  2.  Styles  2.  Stigma  common  to  both  styles,  5-cornered.  Follicles  2. 
Seeds  comose;  albumen  thin.  Shrubs  or  herbaceous  plants,  milky,  and  often 
twining.    Leaves  entire,  opposite,  having  cilise  between  their  petioles. 

Alliance  7. — Loganiales.  Flowers  unsymmetricai.  Stamens  never  2.  Leaver 
ahrtttfs  opposite. 

Order  22S.—Loganiaceee.  Calyx  5-parted.  Corolla  regular  or  irregular,  con- 
volute. Stamens  all  upon  the  same  line,  5-1.  Stigma  simple.  Fruit  either 
capsular  with  placental  becoming  loose ;  or  drupaceous.  Seeds  peltate,  some 
times  winsred ;  albumen  fleshy  or  cartilaginous.  Shrubs,  herbaceous  plants, 
or  trees.  Leaves  opposite,  usually  with  stipules  in  the  form  of  interpetiolary 
sbeaths. 

Order  229. — Potaliaceee.  Calyx  with  4,  5,  or  6  partitions.  Corolla  regular, 
with  5  to  10  divisions ;  sestivation  contorted.  Stamens  all  upon  the  same  line. 
Stigma  simple.  Fiuit  succulent,  with  from  2  to  4  cells.  Seeds  numerous,  pel- 
tate :  embryo  in  cartilaginous  albumen.  Trees  or  shrubs,  quite  smooth.  Leaves 
oppcsite,  united  by  interpetiolar  stipules. 

Alliance  8. — Oleales.     Flowers  regular,  unsymmetricai,  diandrous. 

Order  230. — Oleacecp.    Calyx  monophyllous,  persistent.   Corolla  hypogynous, 
4-clelt,  valvate.    Stamens  2.    Ovary  witnout  any  disk,  2-celled ;  ovules  pendu- 
lous ;  stigma  bifld  or  undivided.    Fruit  often  by  alx)rtion,  1-seeded.    Seeds  wit 
dense  albumen.    Trees  or  shrubs.    Branches  usually   dichotomous.    Leave 
apposite. 

Order  231. —  Jasminacere.  Calyx  divided  or  toothed,  persistent.  Corolla 
ifgular,  with  from  5  to  8  divisions,  imbricated  and  tvnsted.  Stamens  2.  Ovar  y 
destitute  of  a  disk,  2-cclIed  ;  ovules  erect ;  stigma  2-lobed.  Seeds  with  no  albu- 
nen.    Shrubs.    Leaves  opposite  or  alternate,  mostly  compound.^  • 
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Exogens,  with  their  ovules  exposed  naked  to  the  fertilizing  infliKmce  of  the 
pollen. 

Order  232. — Gnetaeem,  Flowers  monoBcioui  or  diceeious,  in  catkins  or  hetds. 
Males;  calyx  1 -leaved;  filament  simple  or  branched;  one  or  several  anthers, 
ppening  by  a  pore.  Females  naked ;  ovaiy  perforated  at  the  apex,  contain- 
ing a  solitary  erect  ovule,  pointed  by  a  style-like  process.  Fruit  drupaceous. 
Pericarp  leathery  or  shelly.  Embryo  dicotyledonous,  in  the  middle  of  fleshy 
albumen.  Small  trees,  or  sarmentose  shrubs,  with  thickened  separable  articu- 
lations. Leaves  opposite,  entire,  with  pinnate  veins,  sometimes  very  minute. 
Ligneous  tissue  marked  with  circular  disks. 

Order  233. — Cycadace€e.  Flowers  dioecious.  Males  monandrous,  in  cones. 
Females  either  in  cones,  or  in  the  form  of  contracted  leaves.  Ovules  solitanr, 
naked.  Embryo  in  the  midst  of  ajlbumen.  Trees,  with  a  cylindrical  trunk* 
increasing  by  a  single  terminal  bud.    Leaves  pinnated,  gyrate. 

Order  234. — Pimtceie,  or  Coni/ertp,  Flowers  monoecious  or  dioecious.  Males 
monandrous  or  monadelphous,  collected  in  a  deciduous  amentum.  Females  in 
cones.  Ovary  a  flat  scale.  Ovule  naked.  Fruit  a  cone.  Seed  with  a  hard 
integument.  Embryo  in  oily  albumen,  with  2  or  many  opposite  cotyledons. 
Trees  or  shrubs,  with  a  branched  trunk  abounding  in  resin.  Ligneous  tissae 
marked  with  circular  disks.    Leaves  entire. 

Order  235. — Taxaceee,  Flowers  monoecious  or  dioecious,  solitary.  Filaments 
monadelphous.  Females ;  ovules  naked,  their  outer  skin  becomin&r  hard.  Seed 
hard,  either  naked  or  surrounded  by  a  succulent  cup.  Albumen  fleshy.  Embryo 
dicotyledonous.  Trees  with  continuous  branches.  Ligneous  tissue  marked  with 
circular  disks.  Leaves  usually  entire;  sometimes  dilated  and  lobed,  tod  in 
those  cases  having  forked  veins. 

Order  236. — Equisetacetp.  Inflorescence  consisting  of  peltate  scales.  Flowers 
in  the  inside  of  the  lobes  of  the  scales.  Stamens  4,  clavate,  wrapped  round  a 
naked  ovule.  Leafless  branched  plants  with  a  striated  fistular  stem;  the 
articulations  separable  and  surrounded  by  a  toothed  sheath.  Spiral  vessels 
very  few. 


Class  in.    ENDOGENS,  OR  MONOCOTYLEDONS. 

Elementary  organs  consisting  of  l)oth  cellular  and  vascular  tissue,  a  portion 
of  the  latter  being  elastic  spiral  vessels.  Tmnk  increasing  in  diameter  by  the 
addition  of  new  matter  to  the  centre.  Leaves  not  readily  separated  from  the 
stem  by  an  articulation,  with  parallel  simple  veins,  connected  by  smaller  trans- 
Terse  ones.  Propagation  effected  by  stamens  and  pistils.  Ovules  in  a  pericarp. 
Embryo  with  but  1  cotyledon ;  if  2,  then  one  imperfect,  and  alternate  with  the 
other. 

Group  I.    (Splqsnoiat. 

Anthers  distinct  Flowers  complete,  ternary.  Ovary  inferior ;  or  if  superior, 
then  the  leaves  either  scurfy  or  cquitant. 

Alliance  1. — Amomales.  Leaves  with  the  veins  diverging  from  the  midrib  A» 
the  margin. 

Order  237,—Zingiberace€8  or  Scitamne€B.  Calyx  superior,  tubular.  Corolla 
irregular,  with  6  segments  in  2  whorls.  Stamens  3,  of  which  the  2  lateral  are 
abortive.  Filament  not  petaloid.  Anther  2-celled.  Stigma  dilated,  hollow. 
Fruit  usually  capsular,  occasionally  berried.  Seeds  with  or  without  an  aril ; 
altnimen  floury  ;  embryo  enclosed  within  a  vitellus.  Aromatic,  tropical,  herba- 
ceous plants. 

Order  238. — Maranlaceee,  Calyx  superior,  of  3  sepals.  Corolla  irregular,  with 
the  segments  in  2  whorls.    Stamens  3,  petaloid,  of  which  one  of  the  laterals  iQd 
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the  intermediate  are  hhnen  or  abortiTe.  Filament  petaloid.  Anther  1 -celled. 
Stiffma  cucullate,  and  incurved.  Seeds  without  aril ;  albumen  hard ;  embryo 
naked.    Herbaceous  tropical  plants  destitute  of  aroma. 

Order  239. — Mu8ace<p,  Flowers  spathaceous.  Perianth  6-parted,  petaloid, 
in  9  rows.  Stamens  6,  some  abortive;  anthers  2-celled.  Stigma  usually  3-lobed. 
Fruit  either  a  3-celled  capsule,  or  succulent.  Embryo  in  the  axis  of  mealy  albu- 
men. Leaves  sheathing  at  the  base,  and  forming  a  kind  of  spurious  stem  ;  often 
Teiy  large. 

Alliance  2. — Narcissales.  Ftotvers  hexandrous.  Sepals  and  petai«  petaloid. 
Leaves  never  seurfi/;  icith  the  veins  running  parallel  from  the  base  to   the 


Order  240. — Amaryllidacece,  Calyx  and  corolla  regular,  colored.  Stamens 
6 ;  anthers  bursting  inwardly.  Stie:ma  3-iobed.  Albumen  fleshy  or  corneous. 
Generally  bulbous,  sometimes  Hbrous-rooted,  occasionally  with  a  cylindrical 
item.     leaves  ensiform. 

Order  241, — Heemodoracea*,  Calyx  and  corolla  more  or  less  woolly.  Stamens 
either  3  and  opposite  the  petals,  or  6  ;  anthers  bursting  inwai-dly.  Stigma  undi- 
Tided.    Fniit  somewhat  nucamentaceous.    Leaves  equitant. 

Order  242. — Burmanniacece,  Perianth  tubular,  membranous,  with  6  teeth 
the  3  outer,  and  wing  or  keel  at  the  back.  Stamens  3 ;  anthers  sessile, 
opening  transversely.  Stigma  3-lobed,  petaloid.  Capsule  covered  by  the 
withered  perianth.  Seeds  very  numerous,  minute.  Herbaceous  plants,  with 
tufted  radical  acute  leaves,  or  none  ;  and  terminal  flowers,  sessile  upon  a  2  or  3- 
branched  rachis,  or  solitary. 

Order  243,^Taccaceee.  Perianth  with  the  limb  petaloid,  equal  or  unequal. 
Stamens  6  ;  filaments  hooded  at  the  apex;  anthers  inserted  below  the  points  of 
their  filaments.  Ovary  of  3  connate  carpels,  with  3  parietal  polyspermous  pla- 
centsB;  styles  3,  connate;  stigmas  radiating,  2-lobed.  Pericarp  1-celled,  many- 
Keded.  Albumen  fleshy.  Embryo  on  the  outside  of  ^the  .albumen.  Large 
perennial  herbs,  with  a  tuberous  root.  Leaves  pedatifid.  Flowers  on  the  top 
of  a  scape. 

Alliance  3. — Ixiales.    Stamens  3,  mth  the  anthers  turned  outtoards. 

Order  244. — Iridacece,  Calyx  and  corolla  confounded,  sometimes  iiTegular. 
Stamens  3,  from  the  base  of  the  sepals  ;  anthers  bursting  externally.  Stigmas 
3,  often  petaloid.  Albumen  corneous,  or  densely  fleshy.  Herbaceous  plants,  or 
undershrubs.    Roots  tuberous  or  fibrous.    Leaves  eqmtant. 

Alliance  4. — Bromeliales.  Calyx  usually  calycine,  sometimes  petaline.  Petals 
petaline,    Stametis  6  or  more.    Albumen  mealy. 

Order  245. — Bromeliaceee.  Calyx  3-parted.  usually  herbaceous.  Petals 
coloured.  Stamens  6,  or  more.  Stigma  3-lobed,  or  entire,  often  twisted.  Seeds 
numerous  ;  embryo  taper,  or  minute,  in  the  base  of  mealy  albumen.  Stemless  or 
shoil -stemmed  plants,  with  rigid  channelled  leaves  often  covered  with  cuticular 
scales. 

Alliance  5. — Hydrales.  Calyx  calycine.  Petals  petaline.  Stamens  more  than 
6.    Albumen  absent. 

Order  246. — Hydrocharacea*.  Sepals  3,  herbaceous.  Petals  3,  coloured.  Sta- 
mens definite  or  indefinite.  Ovary  1  or  many-celled ;  stigmas  3-6 ;  ovules  often 
parietal.    Seeds  without  albumen ;  embiyo  undivided,  antitropous.    Floating  or 

ter-plants. 


Group  2.    0{nantlro{lar. 

Stamens  and  style  consolidated  into  a  column.    Flowers  complete,  ternary. 
Ovary  inferior. 

Order  2A7,—Orchidace€g.    Sepals  3.    Petals  3,  of  which  2  are  uppermost,  and 
1.  the  lip,  undermost.    Stamens  3,  united  in  a  column,  the  2  lateral  abortive, 
the  central  perfect,  or  the  central  abortive,  and  the  2  lateral  v^il2^t.\  ^^^\\5£^ 
powdery*  or  cohering  in  maases.    Ovary  l-celled  ^'\\.Vi  ^  i^arvAVft^  ^^^s^voNx^*^ 
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style  a  part  of  the  eolamn  of  the  itamem ;  itigmt  &  viscid  spaee  in  tront  of  the 
co]nmn.  Capsule  biirflting  with  3  or  6  valves.  Seeds  very  numerous ;  testa 
Icose,  reticulated.  Herbaceous  plants.  Leaves  often  articulated  vrith  the 
stem. 

Order  248. — Vanillaceep,  Perianth  articulated  with  the  ovary,  sometimes 
with  an  external  calycine  cup.  Sepals  3,  of  which  1  foims  a  lip.  Stamen  1, 
pollen  granular.  Ovary  1-celled,  with  3  parietal  placenlse.  fVuit  succidenf. 
Seeds  with  a  smooth  testa  tightly  adhering  to  them.  Herbaceous  plants,  with 
bi  oad  leaves ;  stem  mostly  climbing. 

Order  249. — Apostasiacecp,  Calyx  and  corolla  of  3  similar  pieces.  Antheri 
2  or  3,  upon  a  short  column.  Ovary  3-celled,  with  3  polyspermous  placentn  in 
the 'axis;  style  filiform,  with  a  slightly  3-lobed  stigma.  Capsule  3-celled,  3- 
vnWed.  Seeds  very  minute,  with  a  skin  fitting  the  nucleus,  or  scobifcrm. 
Perennial  herbaceous  plants.    Leaves  firm,  thin,  sheathing  at  the  base. 

Group  8.    tt^pt^gsyxniiit. 

Flowers  colored,  in  all  cases  ternary.    Ovary  superior. 

Alliance  1. — Palmales.  Arborescent  plants,  tcith  stems  grmoing  by  the  deve- 
lojrment  of  a  central  bud;  rarely  dichotomous.    Embryo  in  no  certain  position. 

Order  250. — Palmacege,  Flowers  hermaphrodite,  or  polygamous.  Perianth 
6-parted,  persistent.  Stamens  inserted  into  the  base  of  the  perianth,  definite  or 
indefinite.  Ovary  3-celled.  or  deeply  3-lobed,  with  an  erect  ovule.  Fnut  bac- 
cate or  drupaceous,  with  fibrous  fiesh.  Albumen  cartilaginous;  embryo  in  a 
cavity  at  a  aistance  from  the  hiium.  Leaves  terminal,  very  large,  pinnate,  or 
fiabclliform,  plaited  in  vernation.  Spadix  enclosed  in  a  valved  spatha.  Flowers 
small. 

Alliance  2. — Liliales.  Calyx  and  corolla  distitict,  both  petaloid.  Embryo  in 
the  aocis  qf  albumen. 

Order  2^1. — Pmitederace^,  Perianth  tubular,  more  or  less  irregular,  with  a 
circinate  aestivation.  Stamens  3  or  6,  unequal.  Ovary  3-celled,  many-seeded; 
stigma  simple.  Embryo  in  the  axis  of  mealy  albumen.  Aquatic  or  marsh- 
plants.    Leaves  sheathing  at  the  base. 

Order  252. — Melanthacefp.  Perianth  in  6  pieces,  or  tubular  ;  generally  invo- 
lute. Stamens  6 ;  anthers  turned  inwards.  Ovary  3-celled,  many-seeded ;  style 
trifid  or  3-parted.  Capsule  divisible  into  3  pieces.  Albumen  dense,  fleshy. 
Roots  fibrous,  sometimes  fascicled.  Rhizoma  sometimes  fleshy.  Leaves  sheath- 
ing at  the  base. 

Order  253. —  Gilliesiacecp.  Flowers  iiermaphrodite,  surrounded  by  bracts. 
Perianth  either  a  single  lobe,  or  an  urceolate  6-toothed  body.  Stamens  6,  all 
fertile,  or  3  sterile.  Ovary  3-celled  ;  stigma  simple.  Capsule  3-c*'llfd,  many- 
seeded.  Seeds  with  a  broad  hollow  neck  ;  embryo  cuived  in  the  midst  of  fleshy 
albumen.  Small  herbaceous  plants.  Flowers  inconspicuous. 
f  Order  254.  —  Liliacece,  Calyx  and  corolla  colored,  regular.  Stamens  6. 
Anthers  opening  inwards.  Ovary  3-celled ;  stigma  simple,  or  3-lobtd.  Fruit 
3-celled.  Embryo  in  the  axis  of  fleshy  albumen.  Roots  fibrous,  or  fasciculate. 
Stem  none ;  a  bulb  ;  or  tuberous,  or  creeping,  or  arborescent. 

Alliance  3. — Commclales.  Sepals  leafy.  Petals  colored.  Carpels  3,  com- 
pletely combined. 

Order  255. — Commelinaceof,  Sepals  3,  herbaceous.  Petals  colore<1,  sometimes 
cohering  at  the  base.  Stamens  hypogynous,  some  deformed.  Ovary  3- 
celled  ;  stigma  1.  Capsule  2-  or  3-celled.  Seeds  often  twin ;  embryo  pulley- 
shaped,  in  a  cavity  remote  from  the  hiliun ;  albumen  fleshy.  Herbaceous  plants. 
Leaves  usually  sheathing. 

Alliance  4.~Alismales.     Sepals  usually  herbaceous.    Petals  colored.    Carjel 
more  or  less  distinct.    Albumen  0. 

Order  256.^Putomaceaf.    Sepals  3,  herbaceous.    Petals  3,  colored.    Stamen' 
deSnite  or  indefinite.    Ovaries  3,  6,  ot  mox^   YQ^<de«  many-seeded.    Seed 
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minnfe,  attached  to  the  whole  of  the  inner  lurface  of  the  fruit.  Aquatic  plants. 
Leaves  very  cel'iiUr,  orten  milky. 

.  Order  2^7. ^AliJtmace/e.  Sepals  .3,  herbaceou<r.  Petals  3,  petaloid.  Stamens 
definite  or  indefinite.  Ovaries  several,  1-celled ;  ovules  ascending.  Fruit  not 
opening,  1  or  2-seeded.    Embryo  shaped  like  a  horse-shoe.     Floating  plants. 

.    Alliance  5.— Juncales.    Flowers  somewhat  glumaceous. 

Order  25S.^Jancacea*,  Flowers  hermaphrodite  or  unisexual.  Calyx  an  I 
eorolla  more  or  less  glumaceous.  Stamens  b,  sometimes  3.  Ovary  1-  or  3'-cel!e J. 
Stigmas  generally  3.  Fruit  capsular,  with  3  valves.  Seeds  neither  black  nor 
cnutaceous ;  albumen  firm  ;  embryo  within  it.  Herbaceous  plants,  with  fasciclei 
or  fibrous  roots.    Flowers  generally  brown  or  green. 

Order  239.— Philydrticea>,  Perianth  2-leaved,  withering.  Filaments  3,  unite  I 
at  the  base;  the  lateral  ones  petaloid  and  sterile;  anther  with  distinct  cells. 
Stis^ma  capitate.  Capsule  3-celled,  3-valved.  Seeds  numerous,  minute.  Root 
fascicled,  fibrous.  I-eaves  ensiform,  equitant.  Flowers  alternate,  solitary, 
sessile*  subtended  by  a  spathaccous  bract. 

Group  4.    3lftetO£lae. 

Leaves  either  with  many  ribs,  the  intervals  between  which  are  netted,  or  with 
a  midrib  and  netted  sides ;  foot-stalk  articulated  with  the  stem.  Embryo  with- 
out a  lateral  slit.  Flowers  never  arranged  in  a  spadix.  Floral  envelopes  com- 
plete.   Twiners  or  climbers. 

Order  260,Smil(ice{p.  Flowers  hermaphrodite  or  dinecious.  Calyx  and  corolla 
inferior,  6-parted.  Stamens  6,  seldom  hypogynous.  Ovary  3-celled ;  stigmas  3. 
Fruit  a  roundish  berry.  Albumen  between  fleshy  and  cartilaginous.  Herbaceous 
plants  or  under-shrubs,  with  a  tendency  to  climb.    Stems  woody. 

Order  261. — Dioscoreacece,  Flowers  dicecioas.  Calyx  and  corolla  superior. 
Stamens  6.  Ovary  3-celled,  with  1-  or  2-seeded  cells ;  style  deeply  trifid.  Fmit 
leafy,  compressed,  occasionally  suaculent.  Embryo  small,  near  the  hilum,  in  a 
]ar^  cavity  of  cartilaginous  albumen.  Twining  shrubs.  Leaves  alternate, 
oceasionally  opposite. 

»  Order  262. — Ro.rburghuiccep.  Perianth  of  from  4  to  6  petaloid  divisions. 
Stnmens  4  to  6  ;  anthers  opening  inwards.  Ovary  superior,  1-celled,  with  poly- 
speimous  placentae;  sti&^ma  capitate.  Pericarp  1-celled.  Seeds  with  an 
cmbno  in  the  axis  of  fleshy  albumen.  Twining  shmbs.  Flowers  large  and 
ahowy. 

Group  5.    i&paTltcoilat. 

Flowers  imperfect,  with  scales  in  the  room  of  calyx  and  corolla,  or  naked ;  in 
most  cases  on  a  spadix  within  a  spathe.    Embryo  usually  with  a  lateral  cleit. 

'  Alliance  l.—Pandales.  Flowers  on  a  spadix.  Fruit  drupaceous.  Leaves  rigid 
and  with  parallel  veins.    Stem  usually  arborescent. 

Order  263.  —  Pandanacetr,  Flowers  dicecious  or  polygamous,  on  a  wholly 
covered  spadix.  Perianth  wanting.  Filaments  with  single  anthers.  Ovaries 
collected  in  parcels,  1-celled;  stigmas  sessile;  ovules  solitary,  erect.  Fruit 
drupc«,  or  berries.  Albumen  flesliy ;  embryo  not  slit.  Stem  arborescent,  usually 
sending  down  aci-iai  roots.  Leaves  imbricated  in  three  rows,  with  their  margins 
almost  always  spiny. 

Order  2iiA,—  Cyclanihace{e,  Flowers  monoecious  or  polygamous,  spirally 
arranged.  Males  consisting  of  2  anthers  opening  longitudinally  in  4  lines. 
Ovaries  with  a  parietal  placenta.  Fruit  berried.  Leaves  plaited,  petiolate. 
Spathes  membranous  and  colored. 

Alliance  2. — Arales.    Flowers  on  a  spadix.    Fruit  berried  or  capsular. 

*  Order  2(}5.—Aracece,  Flowers  unisexual.  Perianth  wanting.  Stamens  defi- 
nite or  indefinite,  very  short.  Ovary  1 -celled,  very  seldom  3-ccUed ;  ovules  erect, 
or  pendulous,  or  parietal ;  stigma  sessile.  Fruit  succulent.  Embryo  in  the  axis 
of  albumany  witlia  cleft  in  one  side.  Herbaceous,  or  ftYitu\A>>i  \  \,\xx^^%^^\  ^\\^^ 
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rescent.  LeaTei  with  parallel  or  branohing  wns ;  sbmetimes  oompound. 
g^enerally  enclosed  in  a  spathe. 

Order  266. —  Acoraeete.  Flowers  hermaphrodite,  surrounded  with  lealet. 
Spathe  leaf-like.  Stamens  with  2-celled  anthers,  turned  inwards.  Ovaritii 
distinct.  Fruit  finally  juiceless.  Seeds  albuminous.  Rhizoma  jointed.  Leaves 
ensiform. 

Alliance  3.— Typhales.  Flowers  on  a  spadix.  Anthers  elevate  on  long  JUor 
ments.     Sepals  qf  the  females  either  3,  or  a  ring  qf  long  hairs. 

Order  267. — Typhacea>.  Flowers  unisexual  upon  a  naked  spadix.  Sepals  3, 
sometimes  a  bundle  of  hairs.  Petals  wanting.  Stamens  3  or  6 ;  anthers  wedge* 
shaped.  Ovary  single,  1-celled ;  ovule  pendulous  ;  stigmas  1  or  2,  linear.  Fruit 
not  opening.  Embryo  in  the  centre  of  albumen,  with  a  cleft  in  one  side.  Her- 
baceous plants,  growing  in  marshes  or  ditches.    Leaves  rigid,  ensiform. 

Alliance  4. — Fluviales.    Floirers  in  loose  spikes,  or  solitary. 

Order  268. — Naiitdacete  or  Fluviales.  Flowei-s  hermaphrodite  or  unisexual. 
Perianth  of  2  or  4  pieces,  rarely  wanting.  Stamens  definite.  Ovaries  1  or  more; 
ovule  pendulous.  Fruit  not  opening,  1-celled,  1-seeded.  Albumen  none; 
embryo  antitropous,  with  a  lateral  cleft.  Water-plants.  Leaves  very  cellular. 
Flowers  inconspicuous. 

Order  269. — Juncaginacea.  Sepals  and  petals  both  herbaceous,  rarely  absent. 
Stamens  6.  Ovaries  3  or  6,  cohering  firmly^ ;  ovules  1  or  2,  erect.  Fruit  dry ; 
albumen  wanting ;  embryo  orthotropous,  with  a  lateral  cleft.  Herbaceous  b(^- 
plants.    Leaves  ensiform.    Flowers  inconspicuous. 

Order  270. — Pistiacece.  Flowers  2,  naked.  Stamens  definite.  Ovary  l-celled« 
with  erect  ovules.  Fruit  membranous  or  capsular,  I  or  more  seeded.  Embryo 
either  in  the  axis  of  fleshv  albumen,  and  having  a  lateral  cleit,  or  at  the  apex  of 
the  nucleus.  Floating  plants,  with  veiy  cellular,  lenticular,  or  lobed  stems  and 
leaves.    Flowers  from  the  margin  of  the  stems. 

Group  6.     <Mumo£(ar. 

Perianth  usually  0,  in  its  room  herbaceous  or  scarious  bracts,  imbricated  over 
each  other ;  if  present  surrounded  by  such  bracts. 

Order  271. — Graininacerr.  Flowers  consisting  of  imbricated  bracts.  Glumes 
usually  2,  alternate.  PaleiL*  2,  alternate.  Scales  2  or  3,  sometimes  wanting. 
Stamens  hypogynous,  1,  2,  3.  4,  6,  or  more;  anthers  vei-satile.  Ovary  simple; 
styles  2,  very  rarely  1  or  3 ;  stigmas  feathery.  Pericarp  mpmbranous.  'Albumen 
farinaceous ;  embryo  on  one  side  of  the  albumen,  lenticular.  Culms  cylindrical, 
usually  fistular.  Leaves  alternate,  with  a  split  sheath.  Flowers  in  little 
locustee. 

Order  272.— Cyperace€P.  Flowers  consisting  of  imbricated  solitary  bracts. 
Perianth  none.  Stamens  definite,  1,2,3,  4,  5,6,7.  10,  12;  anthers  fixed  Iw 
their  base.  Ovary  often  surrounded  by  bristles  ;  ovule  erect ;  style  single,  trifid, 
or  bifid.  Nut  crustaceous  or  bony.  Embryo  lenticular,  within  the  base  of  the 
albumen.     Leaves  with  their  sheaths  entire. 

Order  273.—Desvauxiace^.  Perianth  0,  except  sometimes  a2-valved  glume. 
Stamen  I.  Ovaries  from  3-18.  Fruit  as  many  utricles.  Little  tufted  herbs. 
Leaves  setaceous.     Flowers  in  a  terminal  spathe. 

Ord/*r  274.— I^es'tiacerr.  Perianth  inferior,  2-6-parted.  Stamens  2-6  ;  anthers 
usually  unilocular.  Ovary  1-  or  more-celled;  cells  monospermous ;  ovules  pen- 
dulous. Fniit  capsular,  or  nucamentaceous.  Embryo  lenticular,  on  the  outside 
of  the  allmmen.  Herbaceous  plants  or  under-shmbs.  Leaves  simple,  narrow, 
or  none.  Culms  protected  by  sheaths  which  are  slit,  and  have  equitant  margins. 
Flowers  in  spikes. 

Sub-order. — Eriocaulecv.  Flowers  in  heads.  Calyx  membranous  and  very 
cellular.  Seeds  covered  with  hairs.  Aquatic  plants  with  cellular  equitant 
leaves. 

Order  275.^Xyridace€P.  Calyx  glumaceous,  3-leaved.  Corolla  3-petalled. 
Fertile  stamens  3,  upon  the  claws  of  the  petals ;  anthers  turned  outwards.  Style 
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rifid. '  Capmito  1-celIed,  3-ya]ved,  with  parietal  placetitie^  Embryo  on  the  out- 
id«  of  the  albumen,  at  the  end  most  remote  from  the  hilum.  Herbaceous  plants 
rith  ttrooa  roots.  Ijeaves  radical,  ensiform,  with  cquitant  bases.  Flowers  in 
mninAl,  naked,  imbricated  heads. 


Class  IV.    RHIZANTHS. 


Parasitical  fungoid  leafless  plants.  Stem  homogeneous.  Vascular  system 
»i«icent.  Flowers  propagated  by  sexes.  Seeds  consisting  of  a  homogeneous 
pomliferous  mass. 

Order  276. — Rqfflesiacea*.  Flowers  by  abortion,  dioecious.  Perianth  superior, 
-parted,  imbricated ;  the  throat  surrounded  by  calli.  Column  adhering:  to  the 
uue  of  the  perianth ;  anthers  numerous,  2-celled,  opening  by  a  vertical  aperture, 
)vary  inferior,  1-celled,  witii  many-seeded  parietal  placentae;  styles  conical. 
Uemless  plants.     Flowers  solitary,  immersed  among  scales. 

Order  277.— Ct/tinaceep.  Flowers  moncecious  at  the  top  of  a  stalk  covered 
rith  scales.  Perianth  tubular,  with  a  spreading  limb.  Column  fleshy,  thick- 
ned  at  the  point,  covered  by  anthers.  Anthers  8,  2-celIed.  Ovary  inferior, 
-celled,  with  8  parietal  placentee.  Style  simple,  joined  to  the  tube  of  the  perianth 
ly  septiform  processes ;  stigma  capitate,  thick. 

Order  27S.—Balanophorace€e.  Flowers  monoecious,  in  dense  heads.  Calyx 
leeply  3-parted,  equal,  spreading.  Stamens  1-3,  epigynous,  with  both  united 
Uaments  and  anthers;  the  latter  3.  Ovary  inferior,  1 -2-celled,  1-2-seeded; 
nrule  pendulous.  Style  1 ;  stigma  simple,  rather  convex.  Fruit  1 -celled,  con- 
aining  spores  collected  in  a  bag  resembling  a  seed.  Fungus-like  plants,  para- 
ntieal  upon  roots.    Stem  naked,  or  covered  by  imbricated  scales. 

Order  279.— Cynomoriaceee,  Known  from  Balanophoraceoc  by  their  stamens 
>eing  distinct,  and  the  perianth  of  the  mide  flowers  imperfect. 


Class  V.    ACROGENS. 


Substance  of  the  plant  composed  of  cellular  tissue  chiefly  ;  spiral  vessels  or 
lucts  only  present  in  the  highest  orders.  Stem  either  increasing  by  an  exten- 
lion  of  its  pouit,  or  by  a  development  in  all  directions  from  one  common  noint ; 
lot  increasing:  in  thickness  when  once  formed.  Sexual  organs  absent.  Repro- 
luction  taking  place  by  spores,  or  by  a  mere  dissolution  of  the  utricles  of  tissue. 

Alliance  1. — Filicalos,  or  Filices.  Leafy  plants  producing  a  rhizoma.  Leaves 
ttucdfy  coiled  up  in  vernation,  with  dichotomous  veins  of  equal  thickness.  Thecce 
vising  from  the  veins  upon  the  leaves^  pedicellate,  with  an  elastic  ring,  or  sessile 
md  destitute  of  a  ring. 

Order  280. — Polypodiareof.  Thecse  with  a  vertical,  usually  incomplete  ring ; 
bursting  irregularly  and  transversely. 

Order  281. — Gleicheniacea*.  Thcc»  with  a  transverse,  occasionally  oblique 
ing,  nearly  sessile,  and  bursting  lengthwise  internally. 

Order  282.—  Ostnundace/p.  Thecse  with  an  opercidiform  ring,  or  without 
iny ;  reticulated,  striated  with  rays  at  the  apex ;  bursting  lengthwise,  and  usu- 
illy  externally. 

Order  283. — Danreaceep,  Thecse  sessile,  without  any  ring,  concrete  into  multi- 
ocular  sub-immersed  masses,  opening  at  the  apex. 

Order  284. — Ophioglossace€p,  Thecse  single,  roundish,  coriaceous,  opaque» 
without  ring  or  cellular  reticulation,  half  2-valved.    Vernation  straight. 

Alliance  2. — Lycopodales.  .Stems  solid,  vascular.  Reproductive  organs  grow- 
'ng  on  the  stem. 
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Ordrr  l^b.—Lycapodiacea,  Moss-like  plants,  with  creeping  stemst  the  axis 
aboiindinc:  in  annular  ducts ;  or  stemless  plants,  with  erect  subulate  leaves,  and 
a  j^olid  cormus.  Organs  of  reproduction  axillary  sessile  thecse,  containing  either 
minute  powdery  matter,  or  sporules,  marked  at  the  apex  with  three  minute 

n'srt's. 

Order  286. — Marsifeacpfp.  Ci-ecpini;  plants.  Leaves  petiolate  and  divided, 
coiled  up  in  vernation.  Heproductivc  organs  enclosed  in  leathery  involucres, 
and  of  two  kinds,  the  one  consistint;  of  sacs  containing;  a  body  or  bndios 
>vhich  germinate,  the  other  of  similar  sacs  containing  loose  granules.  Leaves 
witli  veins. 

Order  2B7.—Salvhnacefp.  Stems  rooling  and  floating.  Leaves  sessile,  imbri- 
cated, usujilly  papillose".  Receptacles  globose,  of  two  forms ;  some  tilled  with 
aiiuular  corpsucles,  others  1-cellcd,  comprehending  numerous  small  stalked 
many-siK)red  bags. 

Alliance  3.— Muscales.  Flowi*rli*fifi  lifnnts*  with  a  di.ttinct  .«//v/i  havinfr  wt 
raacular  systtnn,  but  frcqupntly  furnimod  tcith  havex :  ^porulf.^  containei  in 
distinct  t/iocrf.     Gcrminatini^  processes  uniting  into  a  heterofxenp'nts  body. 

Order  2S8. — Bryaccu',  or  Musci.  Cellular  plants,  having  a  distinct  axis 
covered  with  minute  leaves.  Reproductive  organs  of  two  kinds,  viz. :  uxili.-iry, 
cylindrical  stalked  sacs,  containin*;  a  multitude  of  particles  emitted  upon  the 
application  of  wat«'r  :  and  tlieca-  or  hollow  urn-like  cases,  covered  by  a  calyptra, 
closed  by  a  lid,  within  which  are  rows  of  processes,  called  the  peristome';  the 
centre  of  tbe  thecji;  occupied  by  a  columella.  Sporides  protruding  confcrvoid 
filamfnts,  which  afterwards  ramify,  and  form  an  axis. 

Order  289.  —  Andrtpacerv,  Branching  moss-like  plants,  with  imbricaled 
leaves.  I'heeyn  with  a  calyptra,  splitting  loniritudinally  into  four  valves.  Per- 
sistouie  0.     Spores  attached  to  a  central  columella. 

Ordi^r  290. — Jun^ermaHniacpfP.  Creei)ing  moss-like  X)lant<!,  either  with  im- 
bricated leaves,  or  with  the  leaves  and  axis  all  fused  into  on?.  Thecse  without 
ill!  O!  ereulum,  4-parted,  or  2-1-valved.     Spores  mixed  with  ehiter^. 

Outer  •2';M. — Mi  ejuuitiaaetp^  or  Ile/Kitira:  Plants  composed  entirely  of  celiu- 
lar  tissue,  emit  tinijj  roots  from  their  under-side,  and  consist  in  :^  of  an  axis,  bi>r- 
tlercd  by  a  menibrHnous  expansion,  wbich  sometimes  forms  a  broad  lobnl 
tlialius.  UeprotUictivr;  organs  consisting  of  a  ])eltate  stalked  recoptai'le, 
V.eiuini;  tl-.ccin  on  its  undor  surface  ;  or  of  sessile  naked  tliec;i',  immersed,  or 
su])eific'ial. 

Alliance  -1.— C  haruk^'.  I'asru/ar  s7/.stn)i  irhally  r/*.///////jLr.  (7erwi/fffi/iis  prfh 
ce,.s'  K  unit  ins  into  a  hcti  roi^entous  body,  Uc}  roductive  nrguus  uriilnry  gtnhu-rx. 
Tifisnt  tutjttlar. 

Order  'IWl.-^Charnre/r.  An  axis,  consisting  of  parallel  tubes.  Or:;ans  of 
reproduction,  succulent  globule-!,  containing  filaments  and  lluid;  and  axiilaiy 
nucules,  formed  of  short  tubes,  twisted  spirally. 

Alliance  5. — Funiralcs.  F/nwerless  leafless:  plant s^  with  no  distinct  a.riJt  of 
ffroirth,  Spornle.s  lyin^  uidied  in  the  substance  of  the  jtbtnt.  Germinating'  pro- 
ce^sr.s  either  wholly  distinct  or  confluent  in  a  homo^cneoufi  body. 

Order  293. — Fangareff,  or  Fungi.  Plants  consisting  of  cellules,  among  which 
filaments  are  occasionally  intermixed,  increasing  in  size  by  addition  to  tlieir 
iusuli- :  their  outside  undergoing  no  change  after  its  first  formation,  freqiently 
ephomiral.  Spoiides  lying  either  loose  among  the  tissue,  or  enclos-.  d  in 
sporidia. 

Order  '1\)\.—Lichenacefp,  ox  Lichmes.  Perennial  plants  spreading  in  the  form 
of  a  IoIhjI  thallus.  Reproductive  matter  of  twoj  kinds:  ),  sporides  lying  in 
nuir.brav.cms  tubes,  immersed  in  shields;  2,  separated  cellules  of  the  meJullaiy 
layer  of  the  thallus. 

Order  'liK).--Al!:ucefP,  or  Alirrr.  Leafless  flowcrless  plants,  with  no  distinct 
axis:  growing  in  water,  consisting  either  of  simple  vesicUs,  or  of  articulated 
iilamcnts,  or  of  lobed  fronds.  Heproduetive  matter  either  wanting  or  in  the 
ji^ints  of  the  filaments,  or  in  thecsi*  of  various  forms.  Sporulcs  in  germination 
clongatuig  in  two  opposite  directions. 
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tl  eondude  our  obienrations 
latural  system  by  explaining 
er  the  best  method  of  study- 
the  real  nature  of  the  difficul- 
lant  upon  its  application  to 

g^  by  those  who  are  more 
I  throw  impediments  in  the 
tudent,  than  to  facilitate  his 
that  the  natural    system  of 
essentially  so  abstruse,  that 
ept  those  whose  lives  are  de- 
e  science,  can  hope  to  under- 
It  is  asserted,  that  in  re&:ard 
Be  p*eat  classes  of  Dicotyle- 
x;otyledons,  and  Acotyledons, 
rely  an  opportunity  of  ascer- 
which  a  given  plant  belongs, 
is  so  seldom  that  the  seed 
'ocured,  or  because  it  is  so 
exam'me  when  obtained ;  and 
lough,  supposing  the  point  to 
ned,  the  labour  of  searching 
)5  orders  would  be  reduced  to 
yet  that  in  practice,  in  conse- 
the  preliminary  difficulty  just 
',  the  distinction  into  three 
5erfectly  nugatory.  But  it  has 
dy  shewn  that  although  those 
ies  are  distinguished  by  dif- 
1  their  seeds,  yet  that  the  seed 
furnish  the  only  distinctions 
lem,  but  that  they  are  known 
rell    by    differences  in    their 
aves,  manner  of  germination, 
mode  of  growth ;  so  that  in- 
ly real  difficulty  in  finding  the 
lant  because  of  the  minuteness 
'acters,  there  is  rather  a  diffi- 
listaking  it,  so  numerous  and 
e  the  distinctions, 
pposing    the    difficulty,  thus 
3e  imaginary,  really  to  occur, 
tudent  ought  not  to  be  dis- 
at  the  number  of  the  natural 
ng  so  great  as  295,  for  of  those 
proportion    consists  of  plants 
lent  occurrence   or  of  little 
e,  and  the  great  bulk  of  the 
kingdom  is  comprehended  in 
vely  a  small  number  of  orders. 
3wn,  so  far  as  flowei-ing  plants 
ned,  by  the  following  table  of 
ir  of  species  contained  in  each 
der  of  the  British  Flora : — 
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1 1  Malvaceae 

12  Hypericacese 
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17  Acemcese 

18  Geraniacese 

19  Oxalidacero 

20  Balsaminaceos 

21  Illecebracese 

22  Tamaricaccro 

23  Portulacaceo? 

24  Crassulaceo) 

25  Saxifragacetc 

26  LythracesD 

27  Rhamnacea? 

28  Aquifoliacero 

29  Celastracese 

30  Staphyleacea} 

31  Fabaceae    . 

32  HosacesB    . 

33  Grossulaceo) 

34  Onagraceae 

35  Circseaceee 

36  ApiacesB     • 

37  Galiacese    • 

38  CaprifoliaceoD 

39  Cornaceoe 

40  Loranthacese 

41  Vaccinaceee 

42  Ericaceae 

43  Pyrolaceae 

44  Campanulacese 

45  Lobeliacese 

46  Valerianaceae 

47  Dipsaceae 

48  Cichoraceae 

49  Asleraceae 

50  CynaracesD 

51  Boraginaceso 

52  Convolvulaceaj 

53  Polemoniaceae 

54  PlantaginacesD 

55  Plumbaginaceae 

56  Oleacese    . 

57  ApocynacesD 

58  Gentian  acea) 

59  Soianaceae 

60  PrimulacecD 

61  Lcntibulaceaa 

62  Scrophulariaceae 

63  Orobanchaceae 

64  Verl>enaceaB 

65  Lamiaceao 

66  SantalaceoB 

67  Elaeagnaceae 
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68  ThymelacesB 

69  PolyfiTonaceoB 

70  Amarantaceeo 

71  ChenopodiacesB 

72  Sderantnacece 

73  UrticacesB 

74  ResedacesD 

75  EuphorbiaceaB 

76  EmpetracesD 

n  Aristolochiacese 

78  Ulmacero   . 

79  Hetulaceae. 

80  Salicaccse. 

81  Corj'laceco 

82  PinaceoD     . 

83  TaxaceaB    . 

84  Myricacese 

85  CallitrichaceoD 

86  Aracece 

87  Acoraceeo  . 

88  TyphaceaD  . 

89  iNaiadaceeo 

90  Pistiaceso 

91  JuncaginacesD 

92  Alismacetc 

93  HydrocharaceoB 

94  IridacesD    . 

95  OrchidaceoD 

96  Melanthaceoe 

97  AmaryllidacecD 

98  Liliaceo)    . 

99  Dioscoreacea) 

100  Butomaceaj 

101  Restiaceo) 

102  Juncacea) 
lO.'i  Cyperaceao 
104  Graminaceo) 
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4 

3 

6 

2 

6 

38  (31)  38 
o 

5 
26  (32)  26 
1 
1 

1 
31  (33)  31 
92  (34)  9-2 
125(35)125 


Lamiaces 

£ricace»   . 

Rannnculaceee 

ApiaceflB    . 

Onagraceae 

Saxifra^aceae 

OichidaceaB 

Silenaceee  . 

Alsinaceae . 

Caprifoliaceae. 

Eunhorbiaceae 

Polygonaceae  . 

Gentianaceae    . 

Asclepiadaceao 

Galiaceoo 

CinchonaccBD  . 

Polemoniaceao 

Boraginaceai  . 

ViolacecB 

Convolvulaceac 

Solanaceao 

PrimulacesD     . 

Pinacoa) 

Taxaceao 

Chenopodiaceao 

LiliaceaD 

Malvacea) 

Juncacea) 

Mclanthaceso  . 

Polygalaceo)    . 


} 


} 


108 
108 
107 
69 
69 
67 
62 

hi 

53 
52 
67 
44 
43 

39 

38 
33 
35 
35 
34 
31 

31 

31 
39 
28 
24 
24 
23 
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So  that  the  whole  of  the  British  flowering 
plants  is  comi)rt*hended  in  35  natural 
orders,  with  the  exception  of  1 29  species, 
which  belonc:  to  ^^S  orders. 

Dr.  Asa  Gray  has  made  a  similar  cal- 
culation with  reference  to  the  Flora  of 
the  United  States.  He  estimates  that 
thirteen  sixteenths  of  North  American 
plants  belong  to  35  natural  ordei-s,  in 
the  following  proportions  : — 

Asteracea) 
Cichordcea? 
Cynaracea) 
Graminaceao 


Cyperacea* 
Fabaeea;  . 
Rosacea)  . 
Brassicaceas 
ScrophulariaceoD 
Corylacea). 
Salicacero  . 
Betulacese 


} 
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} 


330 
250 
236 
158 
136 
131 

120 


And  of  these  moreover  the  9  natural 
orders  at  the  head  of  the  list  include  one 
half  of  the  whole  number. 

It  is  therefore  obvious  that  there  exists 
a  necessity  for  the  acquaintance  with  a 
very  small  part  only  of  the  natural  sys- 
tem, in  order  to  possess  a  knowledge  of 
the  systematical  relations  of  the  greater 
part  of  a  given  Flora. 

The  most  useful  method  of  becoming 
familiar  with  each  natural  order  is  to 
procure  some  species,  no  matter  which, 
provided  it  is  tyi)ical— generally  those 
belonging  to  the  genus  after  which  the 
order  is  named,  are  the  commonest  and 
most  characteristic — and  to  examine 
and  describe  it  carefully,  so  as  to  im- 
press it  distinctly  upon  the  mind.  Hav- 
ing done  this,  the  student  should  in  tlw 
next  ])lace  compare  his  description  with 
the  account  he  iinds  of  his  plant  in  the 
books  in  his  possession ;  if  the  two 
agree,  he  will  of  course  conclude  that 
he  has  observed  it  correctly;  but  if 
there  should  be  any  discrepancy,  he 
ought  then  to  re-examine  his  plant, 
with  a  view  to  ascertaining  whether  he 
is  in  error  or  not.  A  full  acquaintance 
with  the  typical  species  being  thus  ob- 
tained, it  will  be  as  well  to  procure  a  few 
other  nearly  related  species  and  to  com* 
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pare  them  carefully  with  the  first,  for  to  words    as  an  incomplete  Exogen. 

the  sake  of  seeini^  to  what  extent  a  de-  This  would  necessarily  be  a  source  of 

vialion  from  the  organization  of  the  great  embarrassment,    and    ilhistrates 

original  species  takes  place  in  them.  perfectly  the   most  material  difficulty 

In  like  manner  a  second  natural  order  that  occurs  in  systematical  Botany.  But 
should  be  studied,  then  a  thii-d,  and  so  it  is  not  confined  to  a  natural  arrange- 
on,  till  several  types  of  structure  are  ment;  on  thecontrary,  such  cases  happen 
made  familiar  to  the  mind.  If  about  30  quite  as  frequently  in  the  Linnean  arti- 
er 4U  different  forms  are  correctly  under-  ncial  arrangement,  as  is  shewn  by  the 
stood  upon  this  plan,  the  stu(fent  will  same  genus  Khamnus.  The  principal 
possess  a  key  to  the  systematical  ar-  part  of  this  genus  consists  of  species 
rangement  of  any  European  Fh)ra  ac-  which  are  hermaphrodite  and  pentan- 
cording  to  natural  affinities.  He  will  drous ;  but  Rhamnus  catharticus  is 
next  proceed  to  study  the  distinctive  dioecious.  In  consequence  of  the  pre- 
characters  of  such  genera  as  he  meets  ponderancc  of  pentandrous  hermaphro- 
with  in  each  natural  order,  and  he  will  ditism.  Uliamnus  is  placed  in  Pentan- 
find  that  the  facility  of  examining  them  dria ;  but  if  a  student  meets  with  Rham- 
will  be  in  proportion  to  the  correctness  nus  catharticus  he  will  naturally  search 
with  which  he  has  possessed  himself  of  for  it  in  Dioecia,  where  he  will  not  find 
the  characters  proper  to  the  natural  it.  In  both  these  cases,  equally,  the 
orders  themselves.  position  of  the  exceptional  species  in  a 

It  is  only  after  the  student  has  ad-  system  is    necessarily   determined  by 

vanced  to  this  point  that  he  is  rccom-  their  resemblance  to  other  species,  and 

mended  to  engage  in  the  study  of  the  not  by  their  accordance  with  the  verbal 

smaller    and    less    important    natural  definition  of  the  part  of  the  system  in 

orders.  which  they  are  placal. 

The  real  difficulties  that  present  An  English  botanist  has  shewn  that 
themselves  to  the  inexperienced  bota-  these  cases  occur  far  more  frequently 
nist  are  very  different  from  those  which  than  is  supposed,  in  the  popular  Lin- 
are  commonly  adduced,  and  are  in  fact  nean  system.  He  has  proved  that  in 
of  precisely  the  same  nature  as  those  the  British  Flora  alone  there  are  in 
which  occur  in  regard  to  all  systema-  fourteen  sections  of  the  sexual  system, 
tical  arrangements  whatsoever.  They  containing  17.'J  genera,  no  fewer  than 
arise  out  of  the  very  nature  of  natural  Ibrty-three  exceptions,  which  is  nearly 
history,  and  are  caused  by  that  constant  equal  to  one  quarter  of  the  whole  ; 
tendency  to  vary  from  a  typical  form,  {Limiti^ys  ItitrodHrtinn  to  the  Natural 
which  seems  to  be  an  essential  property  Symtem  nf  Botany,  ed.  1,  p.  xiii ;)  and  in 
of  organic  matter.  It  has  already  been  like  manner  an  ingenious  American  Bo- 
shewn  in  this  treatise  that  an  exact  tanist  has  shewn  that  out  of  274  genera 
definition  is  an  impossibility  in  respect  belonging  to  eighteen  Linnean  sections, 
to  the  distinctions  of  plants,  whether  there  is  about  the  same  proportion  (78) 
viewed  as  species,  genera,  tribes,  orders,  of  exceptions  ;  that  is  to  say,  between 
alliances,  or  irroups  ;  that  is  to  say,  that  one-third  and  one- fourth  of  the  whole 
no  character  can  be  framed  to  ^Nhich  an  number  contains  **  species  which  are 
exception  niay'not  be  produced  ;  or  that  uniformly  or  commonly  at  variance  with 
if  particular  instances  of  exactly  defined  the  class  or  oi-der  to  which  they  are 
mssociations  of  plants  can  be  produced,  referred :  thus  presenting  a  much  greater 
as  of  Apiacea*  for  instance,  the  cause  of  amount  of  exceptions  than  can  be  found 
8uch  exceptions  to  a  very  general  rule  in  all  natural  families,  not  only  of  the 
may  be  reasonably  referred  to  the  in-  district  whieh  the  work  embraces,  but 
complete  knowledge  of  them  which  we  in  the  whole  of  North  America.  A 
as  yet  possess  ;  and  we  are  justified  by  similar  analysis,  compiled  from  a  gene- 
all  analogy  in  anticipating  the  discovery  ral  Flora  of  North  America  according 
of  exceptions  to  the  chamctcrs  of  all  to  this  system  would,  we  doubt  not, 
such  associations.  exhibit  a  much  greater  proportion  of 

For  example,  the  principal  part  of  the  exceptions."  {Asa  Gray'a  Elemefits  qf 
^nus  Rhamnus  consists  of  pentapeta-  Botany ,  p.  309.) 
lous  species ;  and  consequently  Rham-  Of  such  instances  as  that  of  Rham- 
nus is  stationed  among  Polypetalous  nus  there  is  a  large  number;  many 
£xogens ;  but  Rhamnus  alaternus  has  polypetalous  orders  contain  mono|)eta- 
no  petals,  and  would  therefore  be  looked  lous  and  incomplete  genera,  many 
upon  by  a  student  who  attended  only  monopetalous  natural  orders  contain 

P2 
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pdypetalouf  genera,  and  lome  even  whole  purpose  of  a  systematical  ar- 

spetalous,    as  Primiilaces;    and  the  rang:ementof  objects  in  natural  history 

fnt>up8.  alliances  and  genera  are  in  the  is  to  enable  a  person  to  discover  readily 

lame  condition.    Practically  such  ex-  the  name  of  a  particular  species ;  and 

ceptions  are  not  of  importance  to  the  through    that   discovery  to    ascertain 

experienced  botanist,  for  he  soon  ceases  what  is  known  of  its  habits,  use»,  qua- 

to  judge  of  plants  by  their  verbal  cha-  lities,  and  so  on.    Those  who  entertain 

racters,  and  forms  his  opinions  of  them  that  opinion  attach  little  value  to  a 

by  their  natural  resemblance  in  the  natural  arrangement;    for  the  import 

mass  of  their  characters  toother  things  tance  of  making  a  systematical  classi- 

with  which    he    is    acquainted.      He  iication  coincide  with  an  accordance  in 

knows,  for  example,  that  an  apetalous  structure,  manner  of  growth,  use,  qua- 

Rhamnus  is  not  the  less  a  Rhamnus  lity,  and  so  on,  is  in  their  estimation  an 

from  wanting  petals,   because  in  all  object  not  worth  the  trouble  it  appears 

other  respects  it  corre^onds  toith  that  to  occasion. 

polypetalous  genus.    But  the  beginner,  Let  it   not,   however,  be   supposed 

or  the  inexperienced  botanist,  is  in  a  that  those  great  botanists  with  whom 

different  position  ;  he  has  not  that  pre-  artificial  schemes  of  classification  have 

▼ious  knowledge  to  refer  to,  and  he  is  originated  had  any  such  opinion  as 

necessarily  embarrassed  by  such  ex-  this.    On  the  contrary,  Linnscus  in  par- 

ceptions.    As  these  occur  perpetually  ticular  invented  his  system  merely  as  a 

under  whatever  point  of  view  plants  temporary  expedient  for  reducing  div 

are    systematically   arranged,    it    has  order  into  order,  and  never  contem- 

been  proposed  to  overcome  the  diflBcul-  plated  its  being  retained  after  the  prin- 

ties  tney  occasion  by  a  method  of  in-  ciples  of  the  natural  system  should  be 

▼estimation     purely    analytical,    from  betler  investigated  than  they  had  been 

which  all  idea  of  combination    is  ex-  in  his  day;   and  Jiissieu  applied  his 

eluded  ;  for  an  explanation  of  which,  merely  to  the  classification  of  genera 

lee  chap.  xiiL  too  imperfectly  known  to  be  correctly 

referred  to  any  of  the  natural  orders  he 

Chapter  X.  Iiaj  proposed.    So  tliat  neither  of  these 

Of  Artificial  Systems.  naturalists,  and  it  is  not  worth  men- 

•^         "^  tioning  any  others  with  reference  to 

Thb  tole  object  proposed  by  an  artificial  this  subject,  contemplated  the  applica- 

tystem  is  to  enable  a  person  to  discover  tion    of   their    artiticial    schemes   to 

the  name  of  a  given  plant,  if  it  is  al-  other  than  temporary  purposes.    They 

ready  known  to  naturalists.     An  artifi-  were  certainly  very  far  from  considering 

cial  system  may  therefore  be  compared  them  as  anything  beyond  a  convenient 

to  a  dictionary  in  which  words  are  ar-  means  of  attaining  an  important  end. 

ranged  according  to  the  correspondence  We  shall  give  a  brief  explanation  of 

of  their  initial  letters,  adjacent  words  that  of  Jussieu,  which  is  little  known, 

having  no  necessarv  agreement,  except  and  a  larger  one   of   the  celebrated 

in  commencing  with  the  same  letters,  sexual  system  of  Linnseus. 
Such  an  arrangement  of  the  words  of  a 

language  is  of  the  highest  utility ;  be-  Chapter  XI. 
cause  from  the  immutability  of  words  it 

is  impossible  for  any  person  to  be  mis-  Qfthe  Artificial  System  qf  Jussieu. 
led  who  knows  how  to  spell ;  and  if  the 

nature  of  pUnts  were  immutable  in  the  At  the  end  of  his  Genera  Plantarum, 

tame  degree,  an  artificial  arrangement  Jussieu  arranged  upon    an    artificial 

would  also  be  of  great  importance  in  plan  all  those  genera,  that,  from  the 

Botany ;  but  it  happens  that  no  certain  imperfect  manner  in  which  they  had 

and  unvarying  sizns  can  be  discovered  been  examined,  the  Incompleteness  of 

in  the  vegetable  kingdom,  and  conse-  their  descriptions,  or  the  singularity  of 

quently  an  artificial  arrangement  parti-  their  structure,  were  not  capable  of 

cipates  in  all  the  inconveniences  of  a  being  referred  to   any  of  his  natural 

natural  arrangement,  without  offering  orders.   Among  "methodical  indexes," 

any  advantages  in  compensation.  Hence  as  he  called  all  artificial  arrangements, 

artificial  systems  are  gradually  faUing  Juweuconsidered  that  the  best  which  is 

into  disuse,  and  are  chiefly  employed  most  efficient  with  the  least  disturbance 

now  by  writers  for  popularity.  of  natural  affinity,  and  hence  he  pre- 

^  There  are  those  who  conceive  that  the  ferred  the  great  features  in  the  jnetnod 
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orTouraefort.denvedfromdiffcrencesin  of  Ihe  ovary  with  regard  to  the  calyx, 

the  corolla,  to  those  uf  Linnaeus  derived  He  further  proposed  to  subdivide  his 

from  differences  in  the  sexes.     But  secondary  divisions  according  to  the 

in  regard  to  secondary  characters,  he  number,  &c.,  of  the  stamens ;    thus 

considered    the   differences  taken   by  forming  a  combination  of  the  methods 

Tournefort  from  the  form  of  the  corolla,  of  Tournefort  and  Linnaeus  with  an  im- 

and  from  the  woody  and  herbaceous  portant  addition  of  his  own. 

condition  of  the  stem,  as  unimportant ;  The  result  of  such  a  combination  is 

for  which  he  substituted  the  position  the  following  scheme  :— 

Class  1,— MONOPETALOUS. 
Order  1. — Ovary  superior. 


Ordtr  2.— Ovary  inferior. 


Linjwan  subdivisions, 
Linnean  subdivisiotts. 


Class  2.—P0LYPETAL0US. 
Order  1. — Ovary  superior. 


Order  2.— Ovary  inferior. 


Linnean  subdivisions. 
Linnean  subdivisions. 


Class  3.-APETAL0US,  HERMAPHRODITE. 
Order  1. — Ovary  superior. 


Order  2, — Ovary  inferior. 


Linnean  subdivisions, 
Linnean  subdivisions. 


Class  4.— APETALOUS.  UNISEXUAL. 
Order  1.— Ovary  superior. 


Order  2. — Ovary  inferior. 


Linnean  subdivisions,' 
Linnean  subdivisions. 


It  is  not  a  little  curious  that  this 
icheme,  which  is  in  every  respect  so 
much  superior  to  that  of  Linnaeus, 
should  have  attracted  so  little  notice. 
For  facility  of  reference,  and  convenient 
grouping  it  is  far  more  useful ;  as  a 
ready  means  of  sorting  plants  it  is 
infinitely  preferable  ;  and  as  a  method 
of  analysis  it  has  the  great  advantage 
of  breaking  up  the  vegetable  kingdom 
into  a  much  larger  number  of  subdivi- 
aions.  The  Linnean  system  does  not 
admit  at  the  most  of  more  than  215 
final  groups,  but  this  artificial  scheme 
of  Jussieu  may  contain  considerably 
more  than  1000.  The  only  mode  of 
accounting  for  its  not  having  been 
adopted  is  upon  the  supposition  that 
those  who  studied  the  work  of  Jussieu 
did  not  recognise  the  necessity  of  any 
artificial  method  whatsoever,  and  there- 
fore did  not  adopt  his  ;  while  those 
who  preferred  an  artificial  method  of 
classification  were  either  contented 
with  that  of  Linnaeus  with  all  its  in- 
conveniences, or  were  unacquainted 
with  that  of  Jussieu. 


Chapter  XII. 


0/the  Linnean  or  Sexual  System 

One  of  the  most  remarkable  discoveries 
of  Linnaeus  was  the  existence  in  all 
plants  of  sexes  analogous  to  those  of 
animals.  That  some  plants  have  sexea 
was  not  indeed  any  discovery  of  his, 
for  it  was  an  admitted  fact  in  certain 
cases  long  before  the  time  of  Linnaeus ; 
but  it  was  to  him  that  the  world  owed 
the  proof  that  that  which  had  been 
regarded  as  a  special  property  of  parti- 
cular kinds  of  plants  was  an  universal 
property  of  vegetable  nature.  It  is  not 
surprising  then  that  when  pursuing  his 
investigations  of  this  curious  subject, 
he  should  have  been  led  to  adopt  the 
differences  in  the  number,  position, 
proportion,  &c.  of  the  sexual  organs  as 
the  basis  of  a  system  of  classincation. 
Neither  is  it  to  be  wondered  at  that 
the  world  should  have  been  so  dazzled 
by  the  brilliancy  of  the  discovery  of 
sexes  in  plants,  and  the  ready  adapta- 
tion of  the  discovery  to  purposes  of 
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arrangement,  by  one  of  the  most  clear- 
headed and  skilful  systematists  that  the 
world  has  ever  produced,  as  to  have  failed 
to  perceive,  even  after  the  lapse  of  more 
than  half  a  century,  how  mucti  more  spe- 
cious than  solid  is  the  whole  framework 
of  the  famous  sexual  system.  Little  in- 
deed was  really  known  of  the  extent  of 
the  vegetable  kingdom  for  more  than 
seventy  years  after  the  artificial  system 
of  Linnaeus  was  first  proipulgated  ;  it 
had  generally  been  considered  with 
reference  chiefly  to  the  inconsiderable 
flora  of  Europe,  and  often  of  mere  cor- 
ners of  Europe,  for  the  great  mass  of 
Linnean  systematists  has  always  con- 
sisted of  the  writers  or  compilers  of 
little  local  Floras.  Hence  the  inappli- 
cability of  it  with  any  kind  of  conveni- 
ence to  the  whole  vegetable  kingdom 
was  not  capable  of  being  appreciated. 


and  the  numerous  exceptions  which  its 
advocates  could  not  conceal  or  diminish 
were  undervalued,  and  spoken  of  as  if 
they  were  likely  to  be  fewer  in  countries 
of  a  more  varied  and  richer  vegetation, 
rather  than  incalculably  more  nume- 
rous. 

Before  proceeding  to  discuss  specifi- 
callv  the  advantages  and  disadvantages 
of  this  celebrated  system,  we  shall  first 
explain  the  system  itself.  Its  classes, 
twenty-four  in  number,  are  exclusively 
founded  upon  differences  in  the  number, 
position,  proportion,  adhesion,  &c.  of  the 
stamens ;  the  orders  or  subordinate  divi- 
sions upon  variations  principally  of  the 
styles,  althous^h  peculiarities  in  the  sta- 
mens arc  sometimes  also  employed  in 
distinguishing  orders  as  well  as  classes. 
The  characters  of  the  classes  are  as 
follows : — 


Class 


I. 

II. 

IIL 

IV. 

V. 

VI. 

VIL 

VIII. 

IX. 

X. 

XL 

XI L 

XIII. 

XIV. 

XV. 

XVL 

XVIL 

XVIII. 

XIX. 
XX. 

XXL 

XXIL 


XXIIl. 


XXIV. 


I 

2 
3 

4 
5 


Stamen 

Stamens 

Stamens 

Stamens 

Stamens 

Stamens    6  .  .  •  . 

Stamens    7  . 

Stamens    8  . 

Stamens    9  . 

Stamens  JO  . 

Stamens  12—19    .  .  .  . 

Stamens  20  or  more,  inserted  into  the  calyx 

Stamens  20  or  more,  inserted  into  the  receptacle 

Stamens  2  long  and  2  short 

Stamens  4  Ions:  and  2  short 

Stamens  united  by  their  filaments  into  a  tube     . 

Stamens  united  by  their  filaments  into  two  parcels 

Stamens  united  by  their  filaments  into  several 
parcels  .... 

Stamens  united  by  their  anthers  into  a  tube 

Stamens  united  with  the  pistil 

Stamens  and  pistils  in  separate  flowers,  but 
both  growing  on  the  same  plant     . 

Stamens  and  pistils  not  only  in  separate  flowers, 
but  those  flowers  situated  upon  two  different 
plants 

Stamens  and  nistils  separate  in  some  flowers, 
united  in  others,  either  on  the  sama  plant,  or 
two  or  three  diflerent  ones 

Stamens  and  pistils  either  not  ascertained,  or 
not  to  be  discovered  with  any  certainty,  inso- 
much that  the  plants  cannot  be  referred  to 
any  of  the  foregoing  classes 


Monandria. 

Diandria. 

Triandria. 

Tetrandria. 

Pentandria. 

Hcxandria. 

Heptandria. 

Octandria. " 

Enneandria. 

Decandria. 

Dodecandria, 

Icosandria.. 

Poly  and  ria. 

Didynamia. 

Tetradynamia. 

IVIonadelphia. 

Diadelphia. 

Polyadelphia. 

Syngenesia. 

Gynandria. 

Moncecia. 


Dioecia. 


Poly  gam  ia. 


The  characters  of  the  orders  depend 
upon  the  number  of  the  styles,  or  of 
the  stigmas,  if  there  be  no  style,  in  the 
first  thirteen  classes  ;  such  are  accord- 
ingly named, — 

MonogyDia,       Style  1 


es 

.     Cryptogamia. 

Diirynia 
Triirynia 
Tetragynia    . 
Pentagynia  . 
Hexagynia    . 

Styles  2 
3 
4 
iS 
6 
,     7 
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Ootogynia^      Styles  8  of  this  method  have,  from  time  to  time, 

Enneajrynia  .       .       9  been    proposed    by  different  writ  its  ; 

Deca^ynia     .       .     10  some  re'liieincr  the  whole  of  Momucia, 

Dodecacrynia  12  Dioecia,  and  Po!yfi:aniia  to  other  cljisses, 

Polyji^ynia      .       •     more  than  12.  others  cum ttinin&r  some  of  the  smaller 

In  the    14th  class,  Didynamia,  the  classes  with  the  larger  ones.    The  late 

orders  depend  upon  the  nature  of  the  Professor   Hichani    in   particular   sut;- 

ovary.      In    Gymmspprnwt,    the   first  Rested  several  real  improvements  ;  but 

order,  the  ovary-  is  divided  into  lour  they  now  excite  so  little  interest,   in 

lobes,  from  the  base  of  wluch  proceeds  consequence  ol*  the  neglect  into  which 

asinjjlestyle,  and  within  each  of  which  the    artificial   system    has    deservedly 

is  contained  a  sinjfle  seed.    In  Aft  id  o-  fallen,  that  it  is  not  worth  enumerating 

spermia,  the  2nd  order,  the  ovary  is  them  in  this  place. 

not  lobed,  and  is  usually  two-celled,        The  reader  will  at  once  perceive  the 

and  many-seeded.  merits  of  the  sexual  system  uf  Linnaeus. 

In  the  Ijth  class,  Tetradynamia,  the  It   is   so  simple   that  any  botly   may 

orders  are   characterised  by  the  form  master  it  m  an  hour  ;  the  names  of  its 

of  the   fruit :    SiHqufwe  have  a  long  classes  and  orders  generally  carry  with 

pod ;  Siliciilnsfr  have  a  short  one.      ^  them  their  own  explanation ;  the  parts 

The  orders  of  the    16th,  17th,  and  upon  whose  difference  the  system  turns 

1  ftth  classes,  Monadelphia,l)iadelphia,  are  readily  examined;  and  the  whole 

and    Polyadelphia,  depend    upon    the  scheme  is  so  plain  as  to  be  intelligible 

number  of  the  stamens,  and  have  the  *«  the  meanest  capacity.    These  are  its 

same  nomenclature  as  the  thirteen  first  advantages.     Its  disadvantages  much 

classes.  more  than  counterbalance  them. 

The  orders  of  Syngenesia  arc  deter-        ^^'it  is  easy  to  discover  the  class  and 

mined    by  the  arrangement   of   their  order  of  a  plant  in  the  Linnean  system, 

flowers,  and  by  the  sex  of  their  ilorets  :  |t  is  proportionably  diflicult  to  ascertain 

Xlwis its  genus,  because  each  order  contains 

Polygamia,  hasUowers  crowded  togc-  a  very  large  number  of  genera,  usually 

ther  in  heads.  having  no  relation  to  each  other,  and 

1.  Poiygamia  trqunlis,  has  each  flo-  each  of  which  must  consecpiently  form 
ret  hermaphrodite,  or  furnished  with  *  distinct  subject  of  study.  But  it  is 
perfect  stamens  and  pistil.  very  often  impossible  to  discover  eviin 

2.  Poiygamia  suj)er/tua,  has  the  flo-  the  class  and  urJer,  because  the  same 
rets  of  the  disk  hermaphrodite ;  those  penus  will  comprehend  species  belong- 
of  the  ray  female  only.  ^^f^  ^^^  different  classes  and  orders,  and 

3.  Po/ygamiafrustranea,  has  the  flo-  »  ^^nus  has  only  one  place  in  the  sys- 
rets  of  the  disk  hermaphrodite  ;  those  tern ;  so  that  it  is  incorrect  to  say  that 
of  the  ray  steril.  the  artiflcial  method  oi  Linnaeus  is  the 

4.  Poiygamia  neressaria.  has  the  flo-  same  to  Botany  as  an  alphabet  is  to  a 
rets  of  the  disk  male,  of  the  ray  female,  language,  because  it  has  not  and  cau- 

5.  Poiygamia  segrrgaia.  "  has  seve-  "ot  have  the  same  precision.  An  alpha- 
ral  florets,  either  simple  or  compound,  "et  is  formed  upon  unerring  charac- 
but  with  a  proper  calyx,  included  within  Jers:  an  artificial  system  in  natural 
one  common  calyx."  history    is    necessarily  founded  upon 

3/owoira/wiVi,  has  the  flowers  separate,  varying  characters.     In  case  the  in- 

not  crowded  in  heads.    This  order  is  ^^^^^^  commits  an  error  m  determining 

generally  abolished    by   Linnean  bo-  the  class  and  order  of  his  plant,  he  has 

tanists,  but  for  no  good  reason.  "o  means  of  checking  it  by  taking  into 

The  orders  of  the  20th,  21st.  and  22nd  account  other  characters  than  those  by 

classes  are  distinguished  by  the  num-  which  the  class  and  onler  are  actually 

ber,  &c.  of  the  stamens ;  settled.    Finally,  it  is  necessary  to  have 

The  two  orders  of  the'  23rd  class  de-  ?  plant  in  flower  in  order  to  comnuMice 

pend    upon   whether  the  genera  are  its  examination,  and  it  is  inconvenient 

moncEcious  or  dicKcious.  to  be  compelled  to  study  a  plant  excUi- 

The  last  class,  ( -ryptogamia,  is  divid-  s*vely  in  some  one  state,  inasmuch  as  it 

ed  into  orders  according  to  tlie  princi-  ^^^^^  o^'^^n  happen  that  the  phmt  is  not 

§les  of  the  natural  system,  namely,  1.  m  that  state  when  it  is  collected. 
Uices;    2.  Musci:    3.  Hepaticaj;    4.  ,    Vl^*'"  ^^^'^  subject  we  have  the  iol- 
Algse  •  5.  Fungi.  lowing  additional  remarks  Irom  Pro- 
Various  modifications  and  alterations  fesw)r  LindYe^  •.— 


200  BOTANY. 

It  is  now  admitted  on  all  hands  that  Or  where  a  p^enus  comprehends  spedics 

the  artificial  system  of  Linnrcus,  which  varying;  in  the  number  of  their  stamens, 

was  so  important  and  useful  at  the  time  as  for  instance,  Polygonum,  Salix,  Stel' 

when  it  was  first  contrived,  is  altoge-  laria,  and  hundreds  of  others,  who  is  to 

Iher  unsuited  to  the  present  state  of  say  which  of  the  species  is  to  determine 

science;  and  in  the  latest  work  that  has  the  classification  of  the  rest  ?  Or  when 

been  published  in  this  country,  upon  this  ])oint  has  been  settled,  how  is  the 

that  system,  the  learned  and  amiable  student  to  know  what  passed  in  the 

author  is  forced  to  rest  his  defence  of  mind  of  the  botanical  systematist?  The 

his  still  following  it  upon  **  the  facility  latter    puts   a  genus   into  Octandria, 

with  which  it  enables  any  one,  hitherto  because  out   of  ten  species,  one  has 

unpractised  in  Botany,  to  arrive  at  a  constantly,  and  two  occasionally,  eight 

knowledge  of  the  genus  and  species  of  stamens,  and  he  includes  in  the  same 

a  plant.'*     But  if  a  system  of  Botany  is  class  and  order  all  the  other  species  of 

to  be  nothing  more  than  a  contrivance  the  genus,  although  they  have  five,  six, 

to  help  those  who  will  not  master  the  or  ten  stamens.     Suppose  the  student 

elements  of  the  science,  to  determine  meets  with  one  of  the  last,  and  wishes 

the  name  of  a  plant;  and  if  it  is  really  to  ascertain  its  name  by  the  Linnean 

necessary  to  have  a  mental  rail-road  on  system,  he  will  look  for  it  in  Pentan- 

which  such  persons  may  be  impelled  dria,  orlIexamlria,orDecandria,  where 

without  any  exertion  of  their  own:  then  he  will  not  find  it.    After  wasting  his 

indeed    the    analytical    tables    of  the  time,  and  exhausting  his  patience  in  a 

French  are  infinitely  better  contrivances  vain  pursuit,  he  must    abandon    the 

than  the  sexual  system ;  because  if  well  search  in  utter  hopelessness,  for  there 

executed  they  meet  every  case  and  lead  is  no  other  character  that  he  can  make 

with  certainty  to  positive  results.  use  of  as  a  check  upon  the  first.     At 

I  have,  however,  been  always  at  issue  last  some  one  will  tell  him  that  his 

with  the  Linnean  school  of  Botany  as  plant  is  a  Polyironum  :  he  turns  to  his 

to  their  system  accomplishinir  even  the  book,  wonderinij  how  he  could  have 

liltle  that  it  pretends  to ;  and  if  I  may  overlooked  it ;  and  he  finds  Polygonum 

be  permitted  to  appeal  to  my  own  per-  in  Octandria.     Should  he  imjuire  how 

sonal  experience  of  the  diflicitlties  of  a  this  is,  he  will  learn  that  his  species 

beginner  who  is  imassisted  by  a  tutor,  belongs  to  Octandria,  not  because  it  is 

(and  few  could  have  had  fewer  difficul-  octandrous,  hut  hrruuse  it  in  so  very 

ties  to  contend  against  than  myself.)  I  like  nt/icr  Pal ytron urns,  that  it  cannot 

should  say  that  it  is  totally  opposed  to  br  srj.a rat ni from  them,  and  thfy  hefons 

such  a  conclusion.     I  began  with  the  in  must  ra.sfs  to  Ortaw/ria.  This  is  the 

Linnean  system,  which  I  was  taui^ht  to  unavoidable  answer  ;  and  what  does  it 

believe  little  less  than  an  insjjired  pro-  really  mean,  except  that   it  is  not  in 

duction  ;  1  had  plenty  of  books  compiled  conse(|uence  of  its  accordance  with  the 

according  to  that  system  to  consult,  and  system  that  the  slvulent's  Polygonum 

1  was  faiily  driven  to  seek  refuge  in  the  is  to  be  discovered,   hut  in  rnn.\*'(^mnre 

natural  system  from  the  difliculties  and  o/iti  natural  relation  to  othn-  iVy^'o- 

inconsistencies  of  that  of  Linnajus.  nums  ?  so  that  it  is  necessary  to  under- 

Tt  seems  to  me  that  there  is  a  con-  stand  the  natural  system  to'  make  use 

fusion  ol  ideas  in  what  is  uiired  in  favour  of  the   artificial   system!     Tliis   is  no 

of  the    Linnean   system,  ami  that   its  exai:i;erated  case,   but  one  of  common 

thcoietical  simplicity  is  mistaken  for  oeeuiienee.  It  is  undoubtedly  true  that 

inactical  facility  of  application.     That  in  some  books  such  inconvenience  is 

the  principles  of  the  Linnean  system  guarded    airainst    by   sieeial    contriv- 

are  clear  and  simple,  and  easily  ivnuni-  auees  ;  but  tiiose  contrivanees  loini  no 

bcred,  is  indisputable :  that   studiiit  in-  p;»rf  (»f  the  system, 
deed  must  be  remarkably  dull  oia])|)ie-         Cliaiitjnir,*  however,    for  argument's 

hension  who  could  iiut  masier  tluni  in  sake,   tliat    these  and   other  objections 

a  day.     But  is  its  a]iplieatii»n  eciualiy  .-.re  «)\.  istMed.   and  that  the  Linnean 

easy?    that  is  the  point.     W  luii,   for  sy>tein  dors   naliv   facilitate   the  dis- 

cxample,  a  s])ecimcii  of  a  Moii(;i:etaloiis  et.N  eiy  «)f  the  class  and  order  to  which 

plant   has  lost  its  coiolla,  or  wluii  the  a  plant  biloims,   let   us  next   consider 

stamens   or  pistils   are  absent,   either  v.liat  advniiee  towaids  ti.e  delermina- 

accidentally,  or  constitutionally,  as  m  tion    of  the   uenus   and  s]HV.ies  or  m 

Dioecious  plants,  what   Linnean  bota-  oilier  woids  the  name  of  a  plant,  a  stu- 

Jlgj^g  classify  the  subject  of  inqniiy?  dent  has  really  made,  when  the  class 
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id  order  are  aseertained.  If  this  argu-  hundred  plants  that  grow  i/vOd  in  £n^- 

cnt  were  conducted,  as  in  strictness  it  land.  For  this  purpose  take  the  generic 

ight  to  be,  with  reference  to  the  whole  characters  in  Diandria  Monogvnia,  as 

igetable  kingdom,  it  would  be  easy  to  stated  in  Dr.  Hooker's  British  Flora,  a 

low  that  the  student  had  in  fact  gained  work  in  which  the  subject  is  treated  with 

imost  nothing  that  was  of  use  to  him  ;  all  the  skill  and  perspicuity  of  which  it 

it  in  order  to  give  the  friends  of  the  is  susceptible,  and  in  which  the  Lin- 

innean    system  every  advantage   in  nean  system   is  seen    to  the  greatest 

le  discussion,  let  us  see  of  what  use  it  advantage.  The  characters  are  these : — 
ill  be  to  him  in  regard  to  the  few 

•  Perianth  double,  inferior,  monopetalous,  regular, 

1.  LiousTRUM,  Linn^  Privet. — Cor.  four-cleft  Berry  two-celled,  with  the  cells 
rO'seeded. 

**  Perianth  double,  inferior,  monopetalous,  irregular.    Seeds  enclosed  in  a 
distinct  jyericarp  {Angiospermous), 

2.  Veronica,  Linn,  Speedwell. — Cor,  four-cleft,  rotate,  lower  segment  narrower. 
'ops,  two-celled. 

3.  PiNGUicuLA,  Linn,  Butterwort. — Cal,  two-lipped,  upper  lip  of  three,  lower 
f  one  bifid  segment.  Cor.  rin gent,  spurred.  Germen  globose.  Stigma  large, 
^two  unequal  plates  or  lobes.  Capsule  one-celled,  with  the  seeds  attached  to  a 
sntral  receptacle. 

4.  Utricular! A,  Linn,  Bladderwort. — Cal.  two-leaved,  equal.  Cor.  personate. 
Mured.  Stigma  two-lipped.  Caps,  globose,  of  one  cell.  Seeds  fixed  to  a  central 
iceptacle. 

*•*  Perianth  double,  inferior,  mofwpetalous,  irregular.    Seeds  four,  appa- 
rently naked  {closely  covered  by  the  pericarp.  Gymnospermous.) 

5.  Lycopus,  Linn.  Gipsey-wort — Cal.  tubular,  five-cleft.  Cor.  tubular,  limb 
earlv  equal,  four-cleft,  upper  segment  broader,  and  notched.  Stam.  distant, 
imple. 

6.  Salvia,  Linn,  Sage  or  Clary. — Cal.  two-lipped,  tubular.  Cor.  labiate,  the 
ibe  dilated  upwards  and  compressed.  Filaments  with  two  divaricating  branches, 
oe  only  beanng  a  perfect  single  cell  of  an  anther, 

***♦  Perianth  double,  superior, 

7.  CiRCiEA,  Linn.  Enchanter's  Nightshade.— Ca/.  two-leaved,  but  united  into  a 
liort  tul)e  at  the  base.     Cor,  of  two  petals.    Caps,  two-celled ;  cells  one-seeded. 

*•♦♦♦  Perianth  single,  oi  none. 

8.  Fraxinus,  Linn.  Ash. — Cal.  0,  or  four-cleft.  Cor.  0,  or  of  four  petals.  Caps, 
wo-celled,  two-seeded,  compressed  and  foliaceous  at  the  extremity.  Seeds  soli- 
try,  pendulous.     (Some  flowers  without  stamens.) 

9.  Lemna,  Linn.  Duckweed. — Perianth  single,  monophyllous,  membranaceous, 
iceolate.     Fruit  utricular. 

10.  Cladium,  Schrad,  Twig-rush. — Perianth  single,  glumaceous.  Glumes  of 
ne  piece  or  valve,  one-flowered,  imbricating;  outer  ones  steril.  Fruit  a  nut, 
rith  a  loose  external  coat,  destitute  of  bristles  at  the  base. 

This  extract  from  the  British  Flora  Tetradynamia,  Synpenesia,  Gynandria, 

aakes  it  evident  that  in  determining  to  and  Mona;cia,  the  length  and  difficulty 

that  genus  a  plant  belongs  a  great  deal  of  such  an  examination  are  vastly  in- 

if  inquiry  beyond  the  discovery  that  it  creased.    Now  I  distinctly  assert  that 

las  two  stamens  and  one  style,  is  indis-  there  is  no  difficulty  in  determining  the 

lensable :   "  The   student  must  be  ac-  natural  orders  of  plants  greater  than 

|uainted  with  the  meaning  of   many  that  of  making  out  tlie  genera  in  the 

echnical  terms ;  he  must  have  his  plant  Linnean  system.     In  fact  it  is  the  very 

n  different  states  of  growth;  he  must  same  thing,  only  with  a  different  result: 

)rocure  the  fruit ;  he  must  examine  the  in  the  one  case  it  leads  to  the  mere  dis- 

nterior  of  that  part ;  in  short,  he  must  covery  of  a  name,  in  the  other  to  the 

;o  through  a  long  and  careful  examina-  knowledge  of  a  great  number  of  useful 

ion,  which  is  entirely  independent  of  and  interesting  facts,  independent  of  the 

he  sexual  system.    In  other  and  larger  name.*' 
Jafsei»  such  ai  Pentandria,  Uexandria,       It  is  necessary  to  make  these  obser- 
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vations,  in  consequence  of  the  stroxig  thoup^ht  to  be  of  little  consequence. 
prejudices  that  people  entertain  in  this  "  For  a  lone:  time,"  continues  Linnvus, 
country  concemmi;  the  sexual  system,  "  I  have  laboured  to  establish  it ;  I  have 
believins:  it  to  be  the  most  perfect,  the  made  many  discoveries,  but  have  not 
most  useful,  the  most  philosophical  that  been  able  to  perfect  it ;  yet  while  I  live 
has  ever  been  devised  for  the  classifica-  I  shall  continue  to  labour  for  its  com- 
tion  of  plants.  It  is  no  disrespect  to  the  pletion.  In  the  mean  time  I  have  pub- 
author  of  that  system,  to  shew  its  im-  lished  what  I  have  been  able  to  discover, 
perfection  and  inutility ;  a  philosophical  and  whosoever  will  resolve  the  few 
character  he  never  dreamed  of  claiming  plants  which  still  remain,  shall  be  my 
for  it.  An  ing:cnious  American  botanist  Magnus  Apollo.  Those  are  the  greatest 
has  well  observed,  that  no  one  could  be  botanists  who  are  able  to  correct,  aug- 
more  fully  aware  of  the  insufficiency  of  ment,  and  perfect  this  method;  which 
an  artificial  system  in  botany,  ur  could  those  who  are  unqualified  should  not 
more  highly  appreciate  the  advantages  attempt." 

of  the  natural  method,  than  Linnaeus  It  must  now,  we  think,  be  conceded 
himself;    and    the    so-called    Linnean  on  all  hands,  that  the  day  anticipated 
botanists,  in  whose  estimate  the  former  by  Linnaous  has  arrived,  when  the  arti- 
system  leaves  little  to  be  desired,  have  ficial  system  having  effected  the  object 
quite  mistaken  the  views  of  their  great  for  which  it  was  invented — that  of  serv- 
master,  and   sadly  misrepresented  his  ing   as  a  temporary  substitute  for  a 
opinions.    While  ne  framed  an  artificial  natural  system — is  no  longer  needed; 
system  for  the  convenient  arrangement  that  it  has,  in  fact,  after  accomplishing 
of  plants,  justly  considering  it  as  the  one  a  great  amount  of  good  in  its  day,  given 
best  adapted  for  this  purpose  at  that  place  to  another  method  equally  eon- 
day,  and  indeed  as  the  only  available  venient,  and  infinitely  more  philoso- 
one  in  the  then  existing  state  of  the  phical  as  well  as  usciul ;  and  those  who 
science ;  he  also  gave  a  sketch  of  a  perpetuate  its  existence  on  account  of 
natural  method,  explaining  the  princi-  the  alleged  facilities  which  it  presents 
pies  on  which  the  latter  might  be  ex-  for    acquiring    a  mere    knowledge  of 
pected  to  rest,  and  pronounced  the  in-  names,  with  the  least  possible  expen- 
vestitration  of  natural  affinities  to  be  the  diture  of  thought,  would  do  well  to 
great  object  of  his  studies,  and  the  most  consider  whether  the  respect  due  to  the 
important  part  of  the  science ;  consider-  system  of  Linnteus,  viewed  in  reference 
ing  the  artificial  system  as  a  temporary  to  the  higher  ends  for  which  he  himself 
expedient,  which  however  necessary  at  intended  it,  be   not  compromised  by 
that  day,  would  inevitably  give  place  to  permit  tine:  its  degradation  to  purposes 
the  system  of  nature  so  soon  as  its  fun-  for  which  it   was    not  originally  de- 
damental  principles  should  be  discover-  signed, 
ed.     It  will  not  be  deemed  irrelevant  to  Chapter  XIII 
adduce  more  fully  the  testimony  of  Lin- 
naeus  on  this    subject ;  sincej  in  this  Q/"  Analytical  Schemes. 
country  at  least,  the  well-deserved  fame  It  has  already  been  stated  that  from  the 
of  that  distinguished  naturalist  is  some-  variable  nature  of  organic  bodies,  there 
what  endangered  by  the  eulogies  and  is  no  possibility  of  framing  exact  defi- 
injudicious  zeal  of  those  who  pretend  to  nitions  of  the  associations  into  which 
be  his  followers  and  exclusive  admirers,  they    are     systematically    distributed. 
LinnoDiis,  with  all  his  partiality  for  the  Moreover,  the  great   number  of  such 
system  he  himself  invented,  affirms  that  associations  renders   it  desirable  that 
the  artificial  method  is  but  a  substitute  some  ready  means  should  be  devised 
for  the  natural,  to  which  it  must  in  due  for  analyzing:  them,  and  bringing  their 
time  give  place.     The  natural  method,  points  of  difference  into  direct  contrast, 
he  also  states,  is  and  must  be  the  |)rin-  For  this  inirpose  two  methods  have 
cipal  object  of  tlie  science ;  the  elucida-  been  devised ;  one,  which  may  be  called 
tion  of  which  is  the  first  and  ultimate  the  falmhr,  by  Hay;  the  other,  which 
aim  of  botanists :  to  this  end  the  labour  may  be   termed  the  dichotomnus,  by 
of  the  greatest  l)otanists  should  l)e  dili-  Lamarck.  These  are  both  founded  upon 
gently  directed,  and   the  merest  frag-  the  common  process  of  analysis  which 
ments  of  this  system  should  be  carefully  is  unconsciously  employed  by  the  hu- 
studied.    Though  not  yet  discovered,  it  man  mind.     In  all  cases  the  mental 
is  held  in  hii^h  estimation  by  the  wisest  operation  by  which  one  thins  is  dis- 
botanists,  while  by  the  less  learned  it  is  tinguished  from  another,  consists  in  a 
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oontiniial  contrasting  of  characters.  For  have  arriyed  at  the  point  beyond  which 

instance,  in  a  mass  of  individuals  we  no  analysis  can  g^o. 

distinguish  one  set  which  is  coloured,  Ray  reduced  this  to  a  tabular  form. 

and  another  which  is  colourless;    of  Lamarck  represented  it  by  a  constant 

those  that  are  coloured  we  distinguish  succession  of  dichotomies  or  divarica- 

nd,  black,  blue,  and  green;  of  the  red,  tions  connected    with  each  other   by 

•ome  are  square,  others  are  round ;  of  means  of  numbers.    Wc  offer  an  ex- 

the  round,  some  are  sculptured  on  their  ample  of  each,  applied  to  the  natural 

surface,  others  are  even: — and  so  we  orders  comprehended  in  the  Flora  of 

proceed,  analyzing  the  subject  by  a  Great  Britam. 
constant  series  of  contrasts,  until  we 


Tabular  Analysis  of  the  Natural  Orders  comprehended  in  the  British  Flora, 

according  to  the  method  of  Ray. 

CLASS    I.      E  X  O  G  b:  N  S. 

Sub-class  1.    POLYPETALA\ 

*  Polyandrous.     Stamcfis  more  than  20. 

{  Ovary  inferior,  or  partially  so. 

Leaves  with  stipules  .....     Pomero. 

Leaves  without  stipules  ...  .     N ymphmaceao. 

■}J  Ot?ary  wholly  superior. 

Leaves  with  stipules. 

Carpels  more  or  less  distinct,  or  solitary  .  .  .     liosaceo). 

Carpels  wholly  combined  into  a  solid  pistil  with  more  pla- 
centas than  one. 
Calyx  imbricated  .  ...     Cistacefc. 

Calyx  valvate. 

Stamens  monadelphous        ....     Malvacea-. 

Stamens  distinct        ...  ...     Tiliacea). 

Leaves  without  stipules. 

Carpels  more  or  less  distinct. 

Stamens  perigynous      .....     Rosacea). 

Stamens  hypogynous. 

Calyx  in  a  ])erfect  whorl  .  .  .      .     Ranunculacca). 

Calyx  in  a  broken  whorl         ....     Hypericacca*. 

Carpels  wholly  combined. 

Placentas  parietal  ....     Papaveracca'. 

IMacentas  spread  over  the  dissepiments  .         .     Nymphroacc®. 

Placentas  in  the  axis     ....  .     (Jistacca). 

**  Oligandrous.     Stamens  fewer  than  20. 

}  Ovary  inferior,  or  partially  so. 

Placentas  parietal. 

Flowers  unisexual  .  .  .  .       .     Cucurhitaccir. 

Flowers  hermaphrodite    .....     Grossulaeeo). 

Placentas  in  the  axis. 

Flowers  in  umbels         .  ....     Apiacem. 

Flowers  not  in  umbels. 
Fruit  many-seeded, 
two-celled      ......     Saxifraijacea?. 

four-celled  .  .  .  ...     Onagruccaj. 

Fruit  few-seeded  .  ....     Comaceic. 
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Sub-ckssIII.    MONOPETAI^. 
*  Ovarp  ntperior.    Flowers  reguUtr. 


Ovary  four-lobed        .  ... 

Ovary  entire. 
Carpels  4,  5,  or  more. 
Anthers  opening  by  pores. 

Herbs        ..... 

Shrubs  .  .  .  .       . 

Anthers  opening  by  slits. 

Stamens  opposite  the  segments  of  the  corolla  and 

equal  to  them  in  number 
Stamens  not  opposite  the  segments  of  the  corolla,  if 
the  same  numt>er. 

Seeds  indefinite      ... 
Seeds  definite  in  number. 
Ovules  erect 
Ovules  pendulous 
Carpels  usually  three 
Carpels  only  two. 
Diandrous     .  .  .  . 

Stamens  4  or  more. 
Calyx  in  a  broken  whorl. 
Leafy  twiners  .  .  .       , 

Leafless  twining  parasites 
Calyx  in  a  perfect  whorl. 

Carpels  C  •  •  •  • 

Carpels  (  ) 
Corolla  imbricated  .  ... 

Corolla  contorted  ...  < 

Carpel  single. 
Style  single^     ...... 

Styles  5       '.  .  .  .  . 


Boraginaces. 


PyrolaceflB. 
Ericacese. 


Primulacese. 


CrassulacesB. 

ConvolvulaceflD. 

Aquifoliaces, 

Polemoniaces. 

Oleacese. 


Convolvulaces. 
CuscutacesB. 

Solanacese. 

Gentianaceie. 
Apocynaoes. 

Plantaginacesp. 
Plumbaginaceae. 


**  Ovary  snjterior.    Flowers  irrr<ru/ar. 

Ovary  four-lobed  ..... 

Ovary  entire. 

Fruit  nucamentaccous  .... 

Fruit  capsular. 
Capsule,  two-celled 
Leafy  ...... 

Brown  leafless  parasites 
Capsule,  one-celled,  with  a  free  central  placenta 

***   Ovary  inferior. 

Carpel  solitary. 
Anthers  syng;enesious  •  ... 

Anthers  free. 
Carpel  quite  solitary     .  .  •  .       . 

Carpel  with  two  additional  abortive  ones 
Carpels  more  than  one. 
Anthers  syngenesious  ... 

Anthers  free. 

Anthers  opening:  by  pores  .... 

Anthers  opening  by  slits. 
Seeds  indefinite  .  • 

Seeds  definite. 
Leaves  whorled      .  •  •  . 

Leaves  opposite        •  • 


Lamiaceae. 
Verbenacesp. 


Scrophulariaces. 

Orobanchaceie. 

Lentibulacese. 


Asterales. 

Dipsaceap. 
Valerianacea?. 

Lobeliacese. 

Vaccinacea?. 

Campanulacese. 

Galiacese. 
Caprifoliaces). 
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CLASS  II.    GYMNOSPERMS. 

Stems  without  articulations. 

Fruit  single        ......  Taxaces. 

Fruit  in  cones       .  .....  Pinaceee. 

Steins  articulated  ....  •  Equisetaceae. 


CLASS  III.     ENDOGENS. 

*  Flowers  complete.; 

§  Ovary  inferior. 
Flowers  gynandrous  ..... 

Flowers  not  gynandrous. 

Stamens  3         ....  .  . 

Stamens  6  .  ..... 

Stamens  more  than  6     .  .  •  .  • 

}{  Ovary  superior. 
Sepals  calycine  or  glumaceous. 
Carpels  consolidated  ..... 

Carpels  separate  .... 

Sepals  corolline. 
Carpels  separate. 

Anthers  turned  outwards  ... 

Anthers  turned  inwards         ...  • 

Carpels  consolidated  .  .       • 

**  Flowers  incomplete. 
Flowers  glumaceous. 

^  Stems  hollow      .....  • 

Stems  solid. 
Seed  erect  .  .  .  .        . 

Seed  pendulous  ..... 

flowers  naked,  or  with  a  few  vcrticiilate  scales,  on  a  spadix. 
Anthers  clavate  on  weak  filaments    .  .  •       . 

Anthers  sessile. 

Gemmation  convolute  ..... 

Gemmation  C(iuitant         .  .  .  .       . 

Flowers  naked,  or  with  a  few  verticillate  scales,  not  on  a 

spadix. 

Floaters.     Ovules  pendulous         .... 

Terrestrial.    Ovules  erect  .  .  .       . 

Floaters.    Ovules  erect    ..... 


Orchidaceae. 

Iridaceae. 

Amaryllidacese. 

Hydrocharaceae. 


JuneacesB. 
Alismacese. 


Melanthaceae. 

Butomacese. 

Liliacea;. 


Graminaceae. 

Cyperaceae. 
Restiaceae. 

TyphacecD. 

Araceap. 
Acoraceoo. 


Naiadaceac. 

Juncaginacese. 

PistiaccH;. 


CLASS  IV.     RHIZAXTIIS. 

There  are  none  in  Great  Britain. 


CLASS  V.    ACROGliNS. 

With  a  distinct  axis  of  ijrowth  ;  leafy. 
Theco)  seated  on  the  leaves 
Tliecae  axillary. 

Thecae  sessile,  two-valved 
Thecae  stalked  or  valveless. 
Thecae^valveKss,  with  an  operculum  • 
Thecae  valv  ate,  with  an  opercuUim 
Thecae  valvate,  without  an  operculum      .         • 
With  a  distinct  axis  of  growth ;  lealless 
Without  a  distinct  axis  of  growth. 
Surface  with  ttomates. 


•  Fillcales. 

.  Lycopodiaceae. 

.  Bryaceae. 

.  Andreacea?. 

•  Jungermanniaceae. 

•  Characeae. 
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Thecaa  valvate 

Thecie  valveless 
Surface  without  stomates. 

Aquatics 

Terrestrial  or  aerial. 
With  a  superficial  thallus 
Without  a  superficial  thallus 


J  uturennann  laoet 
Marchanliaceo. 

Alg^aceae. 

Lichenaceae. 
Fungacese. 


Dichotomous  Analysis  of  the  Natural  Orders  comprehended  in  the  Britis 

Flora;  according  to  the  method  of  Lamaick. 

1  Plants  \vith  distinct  and  visible  flowers 
Plants  without  flowers  . 

2  Leaves  netted,  wood  in  concentric  layers 
Leaves  straight -veined.    Wood  not  in  coi 

3  Flowers  complete 
Flowers  incomplete 

4  Corolla  polyi>etalous 
Corolla  monopetalous 

5  Stamens  more  than  twenty 
Stamens  fewer  than  twenty 

6  Ovary  inferior 
Ovary  superior 

7  Leaves  with  stipules 
Leaves  without  stipules 

8  Leaves  with  stipules 
Leaves  without  stipules 

9  Carpels  more  or  less  distinct 
Carpels  consolidated 

10  Calyx  imbricated 
Calyx  valvate     . 

1 1  Stamens  monadelphous 
Stamens  distinct 

12  Carpels  distinct,  more  or  less 
Carpels  consolidated 

13  Stamens  perigynous 
Stamens  hypogynous 

14  Calyx  in  a  perfect  whorl 
Calyx  in  a  broken  whorl 

15  Placentas  parietal 
Placentas  not  parietal  .  • 

16  Placentas  spread  over  the  dissepiments 
Placentas  in  the  axis    . 

17  Ovary  inferior 
Ovary  superior 

18  Placentas  parietal 
Placentas  in  the  axis 

19  Flowers  unisexual 
Fiowers  hermaphrodite 


• 

1 1»6 

• 

acentric  layers 

3 
{                 109 

• 

• 

4 
53 

• 

«                           • 

5 

8'.? 

• 

•                           • 

17 

• 
•                          • 

7 

8 

• 
•                          • 

Pomeae. 
Nymphfleacese. 

• 
•                          • 

9 
12 

• 

.     RosacesB. 
10 

• 
•                      • 

.     Cistaceee. 
11 

• 
•                          • 

.     Malvacea?. 
.     Tiliacecr. 

• 
• 

13 
15 

• 

k 

Rosacea?. 
14 

• 
• 

.     Raniincnliiceap. 
.     Hypericaceae. 

•                                  • 

• 

.     Papaveracew. 
16 

•                             • 

•                                        ■ 

Nympha»aceap, 
Cistacea?. 

• 

• 

Is 
23 

• 

• 

19 
20 

•                                  •                   • 

•                                            • 

Cucurbit  aecse. 
Grossulacee. 

SI 


S3 
84 
85 
86 
87 
88 
89 

I     30 

t 

r  31 


33 

34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
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Vlofran  in  umbeli 
Flowen  not  in  umbels  . 

Fruit  ftw-seeded       •  . 

Firnit  manj-seeded 

Frait  two-celled 
Fhiit  four-celled 

Leaves  stipulate  • 

Leaves  exstipulate  • 

Carpels  distinct 
Carpels  combined 

FVuit  leguminous 

fViiit  drupaceous  or  capsular 

Placentas  parietal 
Placentas  m  the  axis 

Embryo  minute.    Leaves  circinate 

Embryo  nearly  as  lonj^  as  seed.    Leaves  straight 

Styles  distinct  to  the  base 
Styles  combined 

Calyx  broken  whorled 
Calyx  in  a  perfect  whorl  . 

Petals  minute  .  •  . 

Petals  conspicuous 

gjrnobasic  ... 

ot  gynobasic 

Fmit  beaked  • 

Frait  not  beaked 

Calyx  valvate 
Calyx  imbricated 

Carpels  distinct  •  •  • 

Carpels  combined  .  • 

Carpels  each  with  an  hypc^ynous  scale 
Carpels  without  an  hypogynous  scale 

Anthers  with  recurved  valves 
Anthers  with  longitudinal  valves  . 

Stamens  tetradynamous 
Stamens  not  tetrad}' namous 

PlacentflB  parietal 

PlaeentflB  in  the  axis         •  . 

Calyx  tubular 
Calyx  polysepalous 

Albumen  large 
Albumen  none 

Styles  distinct  to  the  base 
Styles  more  or  less  combined 

Calyx  in  a  broken  whorl 
Calyx  in  a  perfect  whorl  . 

Stamens  polyadelphous 
Stamena  monadelphous»  or  free     . 
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Apiaces. 
21 

CornacesB. 

22 

SaxifragacesD. 
Onagracese. 

24 
34 

25 
26 

Fabacese. 
Rosacese. 

27 
28  ' 

Droseraceae. 
ViolacesB. 

29 
31 

Elatinacefle. 
30 

lUecebracesB. 
Saxifragacese. 

32 
33 

GeraniacesB. 
OxalidacesD. 

RhamnacesB. 
Portulacaceee. 

35 
37 

Crassulacese. 
36 

Berberaceee. 
Ranunculaceeo. 

Brassicacese. 
38 

39 
41 

FrankeniacesB. 
40 

Papaveraceo). 
ResedacecB. 

42 
46 

43 
44 

Hy^encac^Qs. 


«# 


•I  the  apes 


Caipidfnot 

45  Cshs  fpowiiP 
Calyx  mftnj-IeaTed 

'  46  Cchx  in  ^  broken  wtiorl 

■        ■  ■ 

47  Cilp:  legnlir 

CtAjx  {M^nlionMeouf 

4B  Anthem  opemng  bjr  poret 
AntMn  opening  by  sliti  . 

49  Fkmers  nnipezual 
Sloiifre  hennaphrodite 

50  Celys  tnbnlar  ' 
Celyx  meny-kaTed 

51  Fhdfc  one-odkd 
Rtdl  ntaiy-eelled 

[  5S  Stameni  faypogynous  ] 
StuMni  pengynoiis 

53  l^Teithcr  ealyx  nor  corolla 
A  ealyx  pneent 

54  Vhritineonei 
_  Antt  not  in  eones 

544Beiaadiitinet      .    -^    . 
Seieii  imperfect  (doubtfli]) 

• 

54&Seedi  nalMd,  in  a  pulpy  cup 
i      Seedi  in  a  capsule 

[  64cSeeds  tufted  with  hairs 

Seeds  not  tufted  with  hairs  , 

55  Fhitt  tricooeous   . 
Fruit  indehiscent 

[  56  Fioatiiig  herbs 
Woody  plants 

57  Fhiit  berried 
Fndt  a  key  (samara) 

58  Oraiy  inferior 
Ovary  superior 

59  Flowers  unisexual 
Flowers  hermaphrodite 

60  Fruit  cupuliferous 
FrvSit  a  fleshy  pepo 

61  Anthers  many-celled 
Anthers  two-celled 

62  Ovaiy  one-celled 
Orary  many-celled 

63  Embryo  curved 
Embiyo  straight 

'  64  Albomen  none 
Albumen  fleshy 

65  LeafCi  stipulate 
JLeaTW eotipnlate         .  .• 


BisMBMMfle^ 

SilflBiiisk 


• ' 


47 

Acetaeefls 
Polygalaeevi 

Ericacess. 
49 

Empetracen. 
59 

Lyth 


51 

TamarioaeeaB. 
59  ^ 

MonofropaeeaL 
Gelaitraoesa 

54 
58 

54a 
546 

Piaaeem 
Equisetacesd. 

TaxaeesB. 

54c 

Salicacen. 
55 

Euphorbiaeese. 
56 

Gallitriohacts. 
57 

MyricacesB. 
OleacesB. 

59 
65 

60 
61 

CorylaoesB. 
Gucurbitacee. 

Loranthaoee. 
69 

63 
Haloragen. 

GhenopodiacfSSi 
64 

HaloragesB. 
SantaUuMB. 


^  • 
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66  Flowen  hermaphrodite    • 

Flowers  uniiexual       .            •         *  • 

67 
70 

67  Carpels  consolidated 

Caipels  solitary  or  separate 

UlmacesB. 
68 

68  Calyx  membranous 

Calyx  firm  and  herbaceous      .         ^  • 

•           Ulecebraces. 

69 

69  Styles  single       .            •              •            • 
Styles  triple             .            *'           • 

•            Sanguisorbees. 
•     PolygonacesD. 

70  Carpels  solitary    «... 
Carpels  more  than  one 

Urticacea. 
71 

71  Flowers  amentaceous 
Flowers  scattered 

Betulacese. 
Euphorbiaceee. 

72  Flowers  unisexual 
Flowers  hermaphrodite 

EuphorbiacesB. 
73 

73  Carpels  consolidated 

Carpels  solitary  or  separate 

74 
77 

74  Carpels  two,  divaricating; 
Carpels  not  divaricating 

SaxiAagacesB. 
75 

75  Stamens  hypogynous 
Stamens  perigynous 

Alsinaceae. 
76 

76  Fruit  one-celled 
Fruit  many-celled 

PrimulaceflB. 
.     LythracesB. 

77  Carpels  several     .            .            .            . 
Carpels  solitary 

RanunculaceB. 

78 

78  Calyx  herbaceous 

Calyx  with  a  hardened  tube 

79 
.     SderanthacesB. 

79  Stipules  ochreate             .            .            , 
Stipules  none 

PoIygonacesB. 

80 

80  Ovule  pendulous  .            .            .            • 
Ovule  erect     .... 

Thymelacess. 
81 

81  Leaves  lepidote    .            .            •            . 
Leaves  naked 

EIseagnacesB. 
•    ChenopodiacesB. 

82  Ovary  superior     •            .            .            . 
Ovary  inferior             •            •            . 

83 
102 

83  Flowers  regular   .            .            .            . 
Flowers  irregular         . 

84 
98 

84  Ovary  four-lobed 
Ovary  undivided 

Boraginacese.' 
85 

85  Carpels  more  than  four    . 
Carpels  three  or  fewer  . 

86 
91 

86  Anthers  opening  by  pores 
Anthers  opening  by  slits 

87 
88 

87  Herbaceous  plants 
Woody  plants 

Pyrolaeeae. 
•    EricaceflB. 

88  A  free  central  placenta     . 
Fruit  two-celled  or  more 

PrimulacesB. 

89 

89  Seeds  indefinite 

Seeds  definite  in  number 

Crassulaces. 
90 

90  Ovules  erect 
Omtei  pendulous 

.           •           Convolvulaoe«&. 
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91  Flowers  diandrous  • 
Flowers  not  diandrous 

92  Fruit  one-celled   • 

Fruit  more  than  one-celled 

93  Style  single  • 
Styles  five 

94  Calyx  in  a  broken  whorl  , 
Calyx  in  a  perfect  whorl 

95  Corolla  imbricated 
Corolla  plaited  • 

96  Corolla  persistent  •     ' 
Corolla  deciduous 

97  Leaves  opposite 
Leaves  subalternate     • 

98  Ovary  four-lobed 
Ovary  undivided 

99  Capsule  with  a  free  central  placenta 
Placentas  axile  or  parietal 

100  Brown  leafless  parasites    . 
Leafy  plants 

101  Fruit  indehiscent  . 

Fruit  dehiscent  .         •    . 

102  But  one  perfect  carpel 

More  than  one  perfect  carpel  . 

103  Anthers  syngenesious 
Anthers  free 

104  Seeds  albuminous 

Seeds  exalbuminouit    .        *    . 

105  Anthers  syngenesious 
Anthers  free 

106  Anthers  opening  by  pores 
Anthers  opening  by  slits  ^ 

107  Seeds  indefinite 
Seeds  definite 

108  Leaves  whorled'    . 
Leaves  opposite 

109  Flowers  complete 
Flowers  incomplete  '  . 

110  Ovary  inferior 
Ovary  superior 

111  Flowers  gy nandrous 
Flowers  not  gynandrous 

112  Anthers  turned  outwards 
Anthers  turned  inwards 

113  Stamens  6 
Stamens  more  than  6 

114  Sepals  calycine  or  glumaceous 
Sepals  corolline 


Oleacese. 
92 

93 
94 

PlantaginacesB. 
Plumbaginacese. 

5 
96 

Cuscutaceae. 
Convolvulaces. 

Gentianaceae. 
97 

Ai>ocynaceae. 
Solanacese. 

Lamiacese. 
99 

Lentibulacese. 
100 

OrobanchaceflB 
101 

VerbenacesB. 
Scrophulariaces 

103 
105 

Asterales. 
104 

Dipsaceae. 

ValerianacesB. 

LobeliaceaB. 
106 

Vacciniacese. 
107 

Campanulacese. 
108 

Galiacese. 
Caprifoliaceo. 

110 
118 

111 
114 

Orchidacese. 
112 

IridacesD. 
113 

Amaryllidaceas. 
Hydrocharacea?. 

115 
116 
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115  Carpelf  eoniolidated        • 

Carpels  leparate         •            •            •            • 

Juncaceee. 

•    AlismacesB. 

116  Carpels  consolidated 

Carpels  separate          .            •            •            • 

LiliacesB. 
.    ^-      117 

117  Anthers  turned  outwards  . 
Anthers  turned  inwards 

MelanthacesB. 
.     ButomacesD. 

118  Flowers  ^lumaceous    .      . 
Sepals  0,  or  verticillate  scales 

119 
121 

119  Embryo  external  to  the  albumen 
Embryo  enclosed  in  the  albumen 

Graminaces. 
120 

120  Seed  erect             .... 
Seed  pendulous           .... 

Cyperaceas. 
.     RestiacesD. 

121  Leaves  equitant 
Leaves  not  equitant 

122 
123 

122  Anthers  on  long  clavate  filaments 

Anthers  sessile                         ... 

Typhaceso. 

.     Acoraceso. 

183  Flowers  in  a  spathe 

Flowers  naked            .... 

•            Araceaa. 
124 

124  Terrestrial  plants 

Floating  plants             .... 

JuncaeinaceoB 

125 

125  Ovules  pendulous 

Ovules  erect   ..... 

Naiadaceoo. 
.     PistiacesD. 

126  With  a  distinct  stem 

"Without  a  distinct  stem           . 

127 
132 

127  Leafless               .... 
Leafy              ..... 

Characeao. 
128 

128  Thec8e  seated  on  leaves     . 

Thecfle  axillary             .... 

Filicales. 
129 

129  Thec«  valveless 

Thecae  valvate              .... 

BryaceoD. 
130 

130  Thecse  with  an  operculum^ 
ThecR  without  an  operculum  . 

Andrseaces. 
131 

131  Thecae  four-valved 

Thecse  two-valved      .... 

JungermanniaceaD. 
.     Lycopodiaceee. 

132  Skin  with  St omates 
Skin  without  stomates 

133 
134 

133  ThecBD  valvate' 

ThecfiB  valveless          .... 

Jungermsnniaceaa. 
.     Marchantiaceee. 

134  Aquatics               .... 
Terrestrial  or  aerial 

AlgaceaD. 
1 35 

135  Thallus  if  any  membranous  and  cellular    . 
Thnllus  if  any  filamentous  ^    .             .        {    . 

Lichenacfae. 
.     Fungaceae. 
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Part  IV.— Descriptive  Botany. 

Chapter  I.  sufficient  fidelity,  what  a  description 

expresses  in  a  few  words. 

Of  the  importance  of  Descriptions.  Technical  descriptions  are,  for  these 

reasons,  of  the  most  indispensable  neces- 

Next  to  an  accurate  knowledge  of  gjty,  and  may  be  considered  the  very 

the  nature  of  plants,  Of  the  uses  of  their  foundation  of  the  systematic  knowledge 

different  parts,  and  of  the  manner  of  ^f  ^li  Botanists, 
classifying  them,  is  to  be  ranked  the 
power  of  placing  clearly  and  distinctly 

Defore  the  eye,  a  description  that  will  Chapter  II. 
enable  a  person  previously  unacquainted 

with  a  plant,  not  only  to  recognize  it  0/  popular  Descriptions. 
when  he  meets  with  it,  but  without 

seeing  it  to  judge  correctly  of  its  exact  But  it  is  to  be  remarked  that  how- 
nature,  qualities,  and  affinities.  No  one  ever  valuable  descriptions  of  plants 
is  ever  likely  to  have  the  leisure  to  ex-  may  be  found  when  they  are  drawn  up 
amine  personally  all  the  plants  that  the  correctly  and  according  to  the  exact 
world  contains,  but  all  must  trust  for  rules  of  science,  yet  nothing  is  more 
the  knowledge  of  a  very  considerable  perfectly  useless  than  those  which  are 
part  of  them  to  the  descriptions  given  prepared  by  persons  ignorant  of  Botany ; 
by  others.  If  one  could  examine  all  they  are  like  the  drawings  of  plants 
known  plants  for  oi1e*s  self,  the  human  made  by  mere  artists,  more  calculated 
mind  would  be  incapable  of  retaining  to  mislead  than  to  instruct.  For  this 
any  distinct  recollection  of  them,  but  reason,  what  are  often  called  poj>ular 
would  necessarily  trust  to  descriptions  descriptions  of  plants,  ai^  mere  misre- 
made  at  the  time  of  examination.  If  presentations,  and  either  carry  a  false 
the  number  of  plants  to  be  studied  is  idea  of  that  which  they  describe,  or  no 
comparatively  limited,  still  the  minute-  idea  at  all.  They  may  be  well  enough 
ness  of  many  of  their  parts  is  such  as  suited  to  amuse  the  ear,  but  they  con- 
often  to  render  dissection  and  microsco-  vey  no  distinct,  impression  to  the  mind, 
pical  investigation  indispensable :  these  even  if  they  are  tolerably  correct  as  far 
operations  are  tedious  and  difficult,  and  as  they  p;o;  for  the  purposes  of  poetry, 
it  would  be  exceedingly  inconvenient,  if  it  and  of  sketching  views  of  nature,  they 
were  necessary  to  go  into  a  new  investi-  may  be  well  enough  suited;  but  they 
gation  of  the  structure  of  a  given  plant  are  like  the  blotches  of  red  and  green, 
every  time  that  a  new  question  arose  as  and  yellow,  put  in  to  a  picture  by  a 
to  the  composition  of  its  minuter  parts :  painter:  the  moment  they  are  critically 
one  good  and  careful  description  obvi-  examined,  they  cease  to  produce  the 
ates  the  necessity  of  this,  for  it  can  effect  they  are  intended  for. 
always  be  referred  to  and  CDUvulted.  Descriptions  to  be  of  any  real  use, 
Hence  the  great  importance  of  Botanical  must  be  drawn  up  with  great  care; 
descriptions,  not  only  to  the  public  but  every  part  of  a  plant  must  be  either 
to  Botanists  themselves,  for  their  pri-  spoken  of  specitically,  or  so  referred  to 
vate  use.  Nothing  can  in  fact  supply  as  to  be  clearly  indicated;  the  terms 
their  place :  dried  specimens  carefully  that  are  used  must  be  employed  pre- 
arranged in  an  herbarium  are  the  best  cisely,  and  in  the  sense  of  Botanists; 
substitute:  but  they  are  rather  to  be  and  there  must  be  no  misapplication  of 
looked  upon  as  evidence  in  aid  of  de-  terms,  no  mistaking  one  part  for  another, 
scriptions  than  as  a  means  of  supplying  To  l)e  able  to  write  a  description,  a 
their  place;  and  next  to  these  come  person  must  already  be  a  very  good 
drawings.  The  latter,  when  well  exe-  Botanist ;  not  a  mere  fetch-and-carner 
cuted,  are  undoubtedly  most  valuable,  of  semibarbarous  names,  not  a  mere 
and  to  a  certain  extent  supply  the  place  inventor  of  new  species,  not  a  compiler 
of  descriptions  ;  but  it  requires  a  much  of  the  systematic  writinirs  of  other  per- 
lomjertimeto  make  a  drawing  than  a  sons;  but  thoroughly  acquainted  with 
description;  very  few  persons  know  how  the  anatomical  and  external  structure 
to  draw  correctly,  and  still  fewer  are  of  the  whole  vegetable  world,  exactly 
fibJa  to  represent  with  the  pencil  wvXVv  *vaJotm<i'V\x^ciT^\.hftls.wa  of  organization, 
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awtrc  of  the  relation*  that  one  part  the^  might  be  narrower  and  vet  very 
necessarilv  bears  to  another,  ready  to  differently  formed:  not  a  word  is  men- 
remark  all  deviations  from  normal  con-  tioned  concerning  the  arrangement  of 
formation,  and,  to  a  certain  extent,  in  the  veins,  nor  is  the  position  of  the 
possession  of  the  general  nature  of  sys-  leaves  upon  the  stem  described.  It  is 
tematical  arrangements ;  in  short,  he  said  indeed  that  the  plant  belongs  to 
must  not  only  know  how  to  observe,  or  the  same  tribe  as  the  bay  (namely 
how  to  describe,  but  how  to  estimate  Lauracese),  and  this  would  no  doubt 
the  value  of  what  he  observes,  and  to  imply  that  the  leaves  are  alternate;  but 
correct  by  the  constant  application  of  then  a  little  further  on  (sentence  5),  the 
the  general  rules  and  principles  of  Bo-  affinity  of  the  plant  to  the  bay  is  con- 
tanical  science  the  false  observations  tradicted,  by  the  flowers  being  called 
to  which  we  all  arc  liable.    Unless  a  monopctalous. 

man  feels  that  he  is  capable  of  doing  all  (2.)   It  is  impossible  to  understand 

this,  lie  should  not  attempt  to  describe  the  meaning  of  this  sentence.    What 

a  plant  Botanically;  if  it  is  necessary  fibres  are  meant?   Strong  lateral  veins 

that  he  should  make  descriptions,  the  in  the  leaf  resembling  the  midrib?  But 

previous  remarks  will  inform  him  of  his  this  can  hardly  be:  first,  because  the 

deficiencies,  and  he  ought  to  qualify  sentence,  by  the  punctuation,  is  cut  off 

himself  for  the  task.    The  great  cause  from  what  relates  to  the   leaf;    and, 

of  the  slow  advance  of  Botany  is  in  no  secondly,  because  the  fibres  spoken  of 

inconsiderable  degree  to  be  ascribed  to  are  referred  to  the  peduncle,  that  is  to 

the    incompleteness  or    inaccuracy  of  say,  to  the  flower  stalk.   A  good  Bota- 

Botanical  descriptions.  nist  might  guess  at  the  meaning  of  the 

As  the  only  satisfactory  mode  of  illus-  passage,  but  it  could  only  be  a  guess, 

trating  the  observations  now  made,  will  and  after  all  might  be  wrong. 

be  to  quote  examples,  we  may  take,  as  (3.)  This  is  unimportant, 

a  striking  instance  of  useless  descrip-  (4.)  Vague  and  unsatisfactory.    We 

tions  the  following  popular  account  of  are  told  that  the  flowers  grow  close  to 

the  tree  that  yields  the  aromatic  bark  the  bottom  of  the  leaf;    not  at  the 

called  Cassia,  in  the  island  of  Sumatra ;  bottom,  but  close  to  it ;  Do  they  spring 

see  Marsden's  History  of  that  island,  then  from  the  lower  part  of  the  petiole, 

3rd  edition,  p.  156.  or  from  the  stem  above  the  axilla?  Are 

"  (1.)    The    leaves    are  about  four  thej^  single,  or  do  they  grow  upon  the 

inches  long,  narrower  than  the  bay  (to  ramifications  of  a  panicle,  cyme,  corymb, 

which    tribe    it    belongs),   and    more  or  raceme  ? 

pointed;  deep  q:reen  ;  smooth  surface,  (5.)  Ifthe  plant  belongs,  as  stated,  to 

and  plain    edge.     (2.)    The  principal  the  bay  tribe,  the  flowers  cannot  be 

fibres  take  their  rise  from  the  peduncle,  monopetalous.    If  they  really  are  mo- 

(3.)   The  young  leaves  are  mostly  of  nopetalous,  where  is  the  calyx,  and 

reddish  hue.     (4.)   The  blossoms  grow  what  is  its  nature? 

six  in  number,  upon  slender  footstalks,  (G.)  The  style  is  said  to  grow  from 

close  to  the  bottom  of  the  leaf.     (5.)  the  germen.     From  what  other  part 

They  are  monopetalous,  small,  white,  could  it  grow?    The  germen  is  said  to 

stellated  in  six  points.    (6.)  The  sta-  stand  up  in  three  brownish  segments, 

mina  are  six,  with  one  style,  growing  resembling  a  cup:  if  so,  the  plant  can 

from  the  germen,  which  stands  up  in  have  nothing  to  do  with  the  bay  tribe. 

three  brownish  segments,  resembling  a  The  position  of  the  stamens',  the  nature 

cup.   The  trees  grow  from  fifty  to  sixty  of  their  dehiscence,  and  their  origin, 

feet  high,  with  large,  spreading,  hori-  are  all  omitted. 

zontal  branches,  almost  as  low  as  the  Such  are  the  observations  that  su^- 

earth.'*  gest  themselves    to   the    Botanist,  m 

In  this  case,  which  we  take  in  prefer-  merely  reading  over  this  description ; 

ence,  as  having  been  published  by  a  and  they  are  amply  sufficient  to  show 

clever  man,  and  one  who  was  some-  how  useless  it  is.    But  collateral  evi- 

thing  of  a  naturalist,  there  is  not  a  par-  dence  tells  us  that  what  Marsden  in- 

ticle  of  information  that  a    Botanist  tended  to  describe,  was  the  plant  called 

could  make  use  of,  as  we  proceed  to  Cinnamomum  nitidum ;  and  that  fact 

shew  sentence  by  sentence.  being  ascertained,  the  following  has  to 

(1.)  Nothing  IS  said  of  the  form  of  be  added  to  the  criticism  upon  the  de- 

the  leaves ;  we  are  merely  told  that  they  scription.    The  calyx  is  calUd  cax^\iL^ 

are  narrower  than  those  of  the  bay  \  but  (5)  -,  the  sUm^xvtk  ^x^  ^ ,  \saV  ^  VS^  \  "^^ 
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name  of  grermen  is  applied  (6)  to  three  oalyx  nor  corolla ;  the  filaments  are 
steril  stamens,  and  the  germen  itself,  three,  not  four,  and  the  anthers  are  not 
that  is  to  say  the  ovary,  is  overlooked !    globose,  but   irregular,   ovate,   fleshy 


bodies. 


Chapter  III. 
Of  careless  Descriptions. 


Chapter  IV. 
0/  technical  Descriptions. 


If  such   descriptions   as  that  just 

mentioned,  are   scientifically  useless.  The  observations    now   made  upon 

how  much  worse  must  those  be  which  faulty  descriptions,  will  have  given  the 

proceed  from  professed  Botanists,  in  reader  some  idea  of  the  manner  in 

whose  supposed  knowledge  and  tech-  which  plants  ought  not  to  be  described, 

nical  skill,  one  would  think  that  con-  We  now  proceed  to  explain  how  they 

fidence  may  be  reposed!     In  the  works  should  be  described  for  practical  pur- 

of  many  of  the  disciples  of  Linnaeus,  the  poses.   In  the  first  place,  every  point  of 

descriptions  of  plants  are  so  meagre,  structure  of  any  importance  should  be 

inaccurate,  and  unsatisfactory,  that  to  introduced ;  what  is  important  or  not 

this  day  they  would  remain  mere  Bota-  can  never  be  reduced  to  any  fixed  stand- 

nical  enigmas,  if  the  meaning;  of  the  ard,  but  varies  according  to  the  nature 

authors  had  not  been  determined  by  of  the  plant  in  question,  and  has  in  all 

other  evidence  than  what  they  them-  cases  to  be  determined  by  the  Botanist 

selves   afford.      Pre  -  eminent    among  himself.    All  technical  terms  should  be 

such  Botanists,  stands  Thumberg,  from  used  in  their  exact  sense,  if  used  at  alt ; 

whose  Flora  Japonica  we  extract  the  and  nothing  should  be  overlooked  that 

following  description  of  the  fructifica-  can  in  any  way  tend  to  elucidate  stme- 

tion  of  a  new  genus  he  calls  Nigrina:  ture.    It  is  not  however  necessary  to 

"Calyx   none,    except  a  one-leaved  be  excessively  minute,  unless  in  the 

bract.     Corolla  of  four  petals.    Fila-  case  of  plants  that  are  not  only  guite 

ments  four,  very  short ;  anthers  globose,  unknown,  but  whose  natural  affinity  is 

white.    Germen  superior ;  style  single ;  also  uncertain.    When  such  a  plant  is 

stigma  ....  Fruit  unknown ;  perhaps  a  to  be  described,  every  part  of  the  orga- 

capsule.**  nization,  microscopic  or  obvious,  should 

This  is  all  the  information  given  con-  be  included,  and  nothing  should  be 
ceming  the  fructification  of  a  plant  taken  for  granted  as  unimportant.  But 
which  the  author  considered  unde-  as  cases  of  this  kind  are  hardly  likely 
scribed,  and  of  which  he  saw  fresh  to  come  within  the  experience  of  those 
specimens.  Supposing  the  description  who  use  such  a  treatise  as  this,  it  is  un- 
to be  accurate  as  far  as  it  goes,  it  ex-  necessary  to  go  into  such  details.  It 
eludes  every  one  of  the  points  which  it  will  be  sufiicient  to  confine  attention  to 
is  most  essential  to  be  acquainted  with ;  common  instances. 
the  origin  of  the  stamens,  the  dehis-  Another  essential  circumstance  to  af- 
cence  of  the  anthers,  and  their  asstiva-  tend  to  is,  alwavs  to  describe  the  parts 
tion;  the  relation  of  the  stamens  to  the  of  a  plant  in  the  following  order.  1. 
petals,  the  internal  structure  of  the  Root.  2.  Stem.  3.  Leaves,  and  sti- 
ovary,  the  number  and  adhesion  of  the  pules,  if  any.  4.  Inflorescence.  5. 
ovules,  all  essential  points  for  conside-  Bracts,  if  any.  6.  Calyx.  7.  Corolla, 
ration, — and  the  more  indispensable  be-  8.  Stamens;  distinguishing  filaments 
cause  of  the  absence  of  the  fruit  of  the  and  anthers.  9.  Ovary  and  ovules ; 
plant,— are  passed  by  in  silence.  But  as  style;  stigma.  10.  Fruit.  11.  Seed, 
if  to  compensate  for  the  omission  of  By  paying  attention  to  this,  one  always 
what  it  was  necessary  to  state,  irrele-  knows  in  what  part  of  a  description  to 
vant  matter  is  introduced  into  this  look  for  information  concerning  a  par- 
description,  brief  as  it  is.  The  bract  is  ticular  organ  ;  whereas  if  the  different 
called  one-leaved :  if  the  plant  had  a  parts  were  spoken  of  in  a  confused 
bract,  it  could  be  no  more  than  one-  manner,  one  would  never  be  certain 
leaved  ;  if  the  reverse,  then  it  would  no  whether  an  organ  was  described  or  not, 
longer  be  a  bract.  The  anthers  are  said  without  reading  through  the  whole  de- 
to  be  white,  but  their  colour  is  of  no  scription. 

imi>ortance.     But  what  is  most  extra-  Keeping  in  view  such  rules  as  these, 

ordinary,     the    description    is    altoge-  a  Botanist  may  make  his  descriptions 

tner  false.    The  flowers  have  neither  in  two  ways,  either  in  a  diffuse  and 
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readable,  or  in  a  terse  and  technical  and  rounded  at  the  upper  end ;  the  two 

manner.    To  the  former  there  is  no  ob-  uppermost  are  larger  than  the  rest,  of 

jection,  where  space  is  unimportant,  or  one  uniform  purple  colour,  while  the 

where  the  description  is  to  be  read  by  three  lower  are   yellow,  with  purple 

persons  who  would  be  repelled  by  the  lines  at  the  basp,  and  furnished  with  a 

stif^ess    and    formality  of    technical  little  tuft  of  hair  at  the  bottom  of  the 

phraseology;  the  latter  would,  under  streaks;  the  intermediate  one  of  these 

such  circumstances,  he  misplaced ;  but  petals  is  furnished  with  a  short  straight 

it  is  nevertheless  that  which  must  be  spur  at  the  base.   The  stamens  are  five 

j^nerally  employed,  as  may  be  proved  in  number,  inserted  into  the  line  be- 

in  the  following'manner:  tween  the  base  of  the  ovary  and  the 

I^t  the  followine:  l>e  the  Botanical  sepals,  not  so  lone:  as  the  claws  of  the 

description  ofaAVild  Ileart'sease  (Viola  petals,  and  of  unequal  size ;  the  anthers 

tricolor),  drawn  up  in  a  popular  read-  nave  no  filaments,  are  of  a  membranous 

able  way.  texture,  are  fringed  with  white  hairs  at 

The  root  of  this  plant  consists  of  the  edge,  and  are  extended  into  a  broad 
a  great  number  of  unequal  irregular  brown  membranous  appendage  at  the 
fibres.  The  stems  first  fall  prostrate,  point ;  those  two  stamens  which  stand 
and  then  rise  up,  and  are  perfectly  in  front  of  the  flower  are  longer  than 
amooth  all  over  the  surface ;  their  form  the  others,  and  protrude  from  their  base 
is  square,  their  interior  is  hollow,  and  on  one  side  a  green  slender  thread- 
at  cvi  ry  place  where  the  leaves  are  set  shaped  process,  which  is  introduced 
on,  they  are  a  little  tumid.  The  leaves  into  the  spur  of  the  front  petal  of  the 
grow  upon  opposite  sides  of  the  stem  at  corolla.  The  ovary  has  no  adhesion  to 
tolerably  equal  distances,  one  above  the  the  sepals,  is  of  a  spheroidal  form,  and 
other;  they  have  a  form  between  ovate  contains  one  single  cell ;  on  its  inside, 
and  oblong,  have  a  distinct  leaf  stalk,  the  ovules,  which  are  very  numerous, 
and  are  coarsely  cut  at  their  edges  in  a  grow  to  thrice  broad  lines  running  from 
serrated  manner;  they  are  quite  desti-  the  apex  to  the  base  of  the  cavity  at 
tute  of  hairiness,  and  are  longer  than  equal  distances;  the  ovary  is  termi- 
the  stipules  which  grow  at  their  base,  nated  by  a  style,  smooth,  thickest  at  the 
The  stipules  in  colour  and  texture  re-  upper  end,  Ijent  like  the  letter  S,  and 
semble  the  leaves ;  they  are  cut  almost  bearine  at  the  point  around  hollow stig- 
to  the  middle  into  a  number  of  narrow  ma,  through  one  side  of  which  there  is 
lobes,  of  which  the  terminal  one  is  much  an  opening  into  the  interior.  The  ovary, 
the  lanrest;  at  the  base  they  are  pro-  when  ripe,  changes  to  a  seed  vessel  of 
longed  more  on  one  side  than  another,  a  dry,  cartilaginous  consistence,  con- 
in  a  hastate  manner.  The  beautiful  taining  one  cell,  and  dividing  into  three 
little  flowers  grow  singly  from  the  equal  spreading  ovate-lanceolate  valves 
stem,  at  the  places  where  it  joins  the  between  the  broad  lines  on  which  the 
leaves,  and  they  have  a  nodding  posi-  seeds  are  inserted,  so  that  when  the 
lion  on  their  peduncle;  the  latter  has  a  valves  are  spread  open,  the  seeds  are 
smooth  surface,  is  distinctly  angular,  seen  sticking  to  the  middle.  The  seeds 
curves  inwards  at  the  upper  end,  and  are  small,  shining,  oblong  bodies, rather 
has  a  twist  somewhere  near  its  middle,  narrow  at  the  lower  end,  and  of  a 
At  the  upper  end  of  the  peduncle  grow  pale  brown  colour;  the  point  of  attach- 
two  small  bractlets,  resembling  fine  ment  to  the  placenta  is  thickened  in  a 
scales, prolonged  at  the  base  into  some-  fungus-like  manner;  from  this  part 
thing  of  a  hastate  figure.  The  calyx  of  there  rises  a  fine  elevated  line,  which 
this  plant  consists  of  five  distinct  terminates  in  a  depressed  discoloured 
sepals,  having  the  same  colour  and  round  spot,  stationed  at  the  top  of  the 
texture  as  tlie  leaves ;  they  are  of  a  seed.  In  the  interior  is  found  an 
narrow  ovate  form,  sharp-pointed,  quite  embryo  of  a  deep  green  colour,  quite 
free  from  hairs,  not  in  any  way  lobed  or  straight,  and  having  a  taper  radicle, 
divided,  and  extended  below  the  point  with  thin  flattened  cotyledons  a  little 
of  origin  into  a  flat  rounded  appendage,  rounded  at  the  back.  Surrounding  the 
which  is  divided  by  small  toothings  at  embryo  is  found  a  quantity  of  fleshy 
the  edge :  of  the  sepals,  those  which  brittle  albumen,  in  the  very  axis  of 
stand  next  the  front  of  the  flower  are  which  the  embrvo  is  placed. 
much  the  largest.  The  corolla  consists  There  is  notning  m  this  to  which 
of  five  petals,  which  are  of  unequal  size*  a  Botanist  could  object,  except  that 
oblong,  with  a  little  stalk  at  the  base,  certain  polnU  are  oxsvvVVe^, '^vv^V  '^'^  V\\^ 
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eestivation  of  the  calyx  and  corolla,  then  occupy  more  than  3-8th8  as  much 

the  dehiscence  of  the  anthers,  the  form  space  as  the  first,  and  yet  it  compre- 

of  the  pollen,  and  some  other  mattera  hends  every  one  of  the  facts  included 

of  a  similar  kind.  But  it  is  also  obvious  in  the  first. 

that  if  all  the  190,000  plants  supposed  But  even  the  admission  of  descrip- 

to  be  known  were  to  be  described  in  tions  cut  down  like  the  last,  wvuld 

this  manner,  and  at  this  length,  the  render  books  infinitely  too  bulky ;  and 

mere  descriptions  alone  would  occupy  therefore  by  the  introduction  of  generic 

200  volumes  like  the  present,  of  500  and  speciiic  characters,  they  are  still 

pa^es  each.    It  is  therefore  indispen-  further  shortened, 
sable  that  such  descriptions  should  be 

shortened :  and  it  will  be  seen  by  the  Chapter  V, 
following  specimen,  that  the  very  same 

facts,  before  occupying  106  lines,  may  0/  Generic  and  Specific  Characleri. 
be  stated  in  43  lines,  by  the  mere  omis- 
sion   of   verbs,     articles,    superfluous  It  "as  already  been  explained  that  a 
words,  and  rendering  it  rather  more  genus  is  a  collection  of  species  agreeing 
technical.  ^'^^^  ^^ch  other    in    certain  common 
Root    fibrous.      Stems    decumbent,  features;  see  p.  139.     In  reducing  dc: 
smooth,  square,  fistular,  siightly  tumid  scriptions  like  the  last,  the  whole  of 
at  the  nodes.     Leaves  alternate,  ovate-  those  common  features  are  separated 
oblong,    petiolate,    coarsely    serrated,  as  a  generic  character,  and  given  once 
smooth,  longer  than  the  stipules ;  sti-  «"^y  at  the  beginning  of  the  descrip- 
pules   leafy,    pinnatifid,    half-hastate  ;  tions  of  the  species,  and  from  the  de- 
terminal  lobe  much  the  largest.  Flowers  scriptions  of  the  species  all  such  corn- 
solitary,  axillary,  nodding;  peduncles  ^^^  features  are    omitted.     Thus  to 
smooth.  ana:ular,  twisted,  incurved  at  pursue  the  illustration  with  this  same 
apex.    Bractlets  two,  minute,  membra-  Viola  tricolor,  the  following  is  abstracted 
nous,  sub-hastate  near  the  apex  of  the  *o  form  the  generic  character  of 
peduncle.      Sepals    five,    herbaceous,  Yjqj 
linear-ovate,  acute,  smooth,  entire  at 

the  base,  prolonged  into  a  concave,  Leaves  alternate.  Flowers  solitary, 
rounded,  tooth-letted  appendage;  the  axillary.  Sepals  five,  herbaceous,  pro- 
anterior  much  the  largest.  Petals  five,  longed  at  the  base  into  an  appendage, 
unequal,  oblong,  unguiculate,  rounded  the  anterior  much  the  largest.  Petals 
at  the  apex ;  the  two  upper  largest,  five,  unequal,  unguiculate ;  the  two 
whole  coloured,  purple;  the  three  lowest  upper  larj^est ;  the  lowest  one  spurred 
yellow  with  purple  streaks,  and  bearded  at  the  base.  Stamens  five,  hypogy- 
at  base;  that  in  the  middle  having  nous,  shorter  than  the  ungues,  alter- 
a  short  straight  spur  at  the  base,  nute  with  the  petals,  unequal ;  anthers 
Stamens  five,  hypog}  nous,  shorter  than  sessile,  with  a  broad  membrane  at 
the  ungues,  alternate  with  the  petals,  the  apex;  the  two  anterior  the  largest, 
unequal;  anthers  sessile,  membranous,  spurred;  their  spurs  lying  in  the  spur 
ciliated,  with  a  broad  brown  membrane  of  ^^^^  corolla.  Ovary  superior,  one- 
at  apex ;  the  two  anterior  the  largest,  celled,  with  tiiree  parietal  polysper- 
spurred;  their  spurs  green,  subulate,  mous  placentaj;  style  sigmoid,  cla- 
lying  in  the  spur  of  the  corolla.  Ovary  vate;  stigma  capitate,  hollo w%  with  an 
superior,  round,  one-celled,  with  three  oblique  foramtu  on  one  side.  Capsule 
parietal  polyspermous  placentae;  style  one-ceiled,  three-valved,  with  a  loculi- 
smooth,  sigaioid,  clavate,  as  long  as  the  cidal  dehiscence  ;  valves  seminiferous 
ovary;  stigma  capitate,  hollow,  with  an  i"  the  middle.  Seeds  roundish  ;  hilum 
ol)lique  foramen  on  one  side.  Capsule  fungous ;  raphe  elevated ;  chalaza  de- 
one-celled,  three-valved,  with  a  loculi-  pressed  on  the  apex.  Embryo  straight, 
cidal  dehiscence;  valves  ovate-lanceo-  green,  in  the  axis  of  fleshy  albumen; 
late,  spreading,  seminiferous  in  the  radicle  terete;  cotyledons  plano-convex, 
middle.  Seeds  shining,  roundish.  All  the  Ibi-egoing  being  abstracted 
smooth,  pale  brown  ;  hilum  luntrous  ;  for  a  generic  character,  then  the  Ibllow- 
raphe  elevated  ;  chalaza  depressed  on  i"g  would  be  all  that  would  be  neces- 
the  apex.  Kmbryo  straight,  green,  in  sary  as  a  description  of 
the  axis  of  fleshy  albumen;  radicle 
terete ;  cotyledons  plano-convex.  Viola  tricolor. 

This  Jast  description  does  nol  itv  lac\.  'R.qqN.  toxQ\w,     Stems    decumbent, 
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imoothy  square,  fistular,  slightly  tumid        6.  D.  indica.    Stem  branched,  leafy. 

at  the  nodes.    Leaves  ovate,  oblong.  Leaves  linear. 

petiolate,  coarsely  serrated,  smooth,  By  these  few  words  some  of  the  prin- 
longer  than  the  stipules ;  stipules  leafy,  cipal  differences  between  the  six  Dro- 
pinnatifid,  half-hastate ;  terminal  lobe  seras  known  to  Linnseus  are  plainly 
much  the  largest.  Flowers  nodding,  expressed  ;  but  it  is  obvious  that  they 
peduncles  smooth,  angular,  twisted,  in-  are  not  to  be  confounded  witli  de- 
curved  at  apex.    Bractlets  2,  minute,  scriptions. 

membranous,  sub-hastate,  near  the  apex        The  plan  of  specific  characters  de- 

of  the  peduncle.    Sepals  linear,  ovate*  vised  by  Linnaeus  has   been  adopted 

acute,  smooth,  entire ;  appendage  con-  down  to  the  present  day ;  but  it  is  much 

cave,    rounded,    toot-hletted.      Petals  to  be  doubted  whether  they  have  not 

oblong,  rounded  at  the  apex,  the  two  been  disadvantageous  to  Botany,  rather 

upper  whole  coloured  purple,  the  three  than  the  contrary.    If,  indeed,  a  sys- 

lowest  yellow,  with  purple  streaks,  and  tematic  writer  could  say  that  he  is  dis- 

l>eardeu  at  the  base.    Anthers  ciliated :  tinctly  acquainted  with  every  species  in 

the  spurs  ereen,  and  subulate.    Ovary  the  world  of  a  given  genus,  then  such 

round;   style  smooth.    Seeds  shining,  differential  characters  would  doubtless 

smooth,  pale  brown.  be  invaluable,  as  they  would  help  ano- 

This  last  process  of  reduction  has  ther  person  to  arrive  rapidly  at  a  defi- 

brought  the  description  of  Viola  tricolor  nite  conclusion  concerning  any  plant  he 

from  lOG  to  20  hnes  in  length,  without  might  have  for  examination.    But  this 

the  omission,  in  fact,  of  a  single  cha-  is    not   the  case  ;    and  therefore  the 

racter.     Further  than  this  it  cannot  be  differential  characters  only  lead  to  error 

reduced,  if  to  remain  a  description.  and  misapprehension.     For    instance. 

But  as  the  number  of  species  known  Linneeus  assigns  to  Droscra  rotundifolia 

to  Botanibts  is  exceedingly  great,  even  the  character  of  "scapes  from  the  root,** 

such  descriptions  as  the  last  are  found  and  *'  leaves  orbicular  ;**  and  this  would 

too  extensive  to  be  employed  in  all  cases;  be  a  useful  character  of  the  species,  if 

the  older  Botanists,  therefore,  contrived  those  characters  existed  nowhere  else, 

what  they  called  differential  or  fac-  But  we  now  know   that  D.  uniflora, 

iitioui  characters,  to  stand  in  lieu  of  pygmsca,  and  rotundifolia  all  agree  in 

descriptions.     In  contrasting  a  number  this  character;    and    consequently  it 

of  species  of  the  same  i^enus,  it  is  ob-  is  impossible  to  tell  which  of  the  three 

vious  that  if  no  other  points  are  to  be  Linnaeus  meant,  if  we  judge  only  from 

adverted  to  than  such  as  will  distin-  his  specific  character.    And  if  we  alter 

guish  them  from  each  other,  the  words  the  phraseology  so   as  to    distinguish 

required    to    distinguish  such  species  these  three  species  from  each  other  to- 

ma^  be  extremely  few,  and  that  a  de-  day,  to-morrow  may  bring  us  acquainted 

scnption  may  thus  be  conveniently  ex-  with  other  si)ccie8,  which  will  in  like 

changed  for  a  mere  difTerential  cxpres-  manner  render  the  newly  altered  dif- 

sion  ;   it   cannot,   however,  be   altered  ferential  character  nugatory. 
into  one  ;    for  it  no  longer  remains  a         For  these  reasons  the  specific  cha- 

description,  but  a  certain  form  is  sub-  racters  of  Linnaeus  have  given  rise  to 

■tit u ted  for  it.  Inorder  to  prevent  these  endless  confusion  and  doubt,  and  will 

specific  characters  ever  extending  into  continue  to  do  so  as  long  as  they  are 

descriptions,  Linnaeus  proposed  that  they  employed,  unless  they  are  accompanied 

should  in  no  case  exceed  the  extent  of  by  longer   descriptions.     The    present 

twelve  Latin  words;  and  he  rarely,  if  practice  seems  to  be  to  employ  short  de- 

ever,  deviated  from  that  standard.  scriptions,  or  essential  characters,  in  lieu 

Take,  for  instance,  his  specific  cha-  ofdiffcrential  characters  ;  and  this  upon 

racters  in  the  genus  Drosera :  the  whole  may  be  considered  better. 

1.  D.    rotundifolia.      Scapes   from 

the  root.     Leaves  orbicular.  Chapter  VL 

2.  D.  longifoiia.    Scapes  from  the  ^^  ^         .  ,       ,  ^,  *     , 

root.    Leaves  oblong.  ^f  Essential  and  ^  atural  Characters. 

3.  D.  capensis.      Scapes  from  the         We  shall  conclude  this  part  of  our 
root.     Leaves  lanceolate.  subject  with  some   observations   upon 

4.  D.  Iwiitanica,     Scapes  from  the  the  distinction  between  descriptions  of 
root.  Leaves  subulate,  convex  beneath,  the  essential  and  natural  characters  oC 

5.  D.  ci^tiflora.    Stem  simple,  leafy,  plants. 

Leaves  lanceolate.  An  essei\Vv«cl  cYvw^cX^t  "\s»  ^  ^M'a^ixv^" 
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lion  of  all  those  points  i^hich  the  ob- 
server supposes  to  be  most  important, 
not  only  in  distinguishing  it  from  all 
other  known  plants,  but  u'om  such  as 
his  information  concerning  allied  spe- 
cies induces  him  to  anticipate  the  dis- 
covery of.  If  applied  to  a  species,  it 
omits  all  notice  of  varieties  of  an  acci- 
dental and  fugitive  nature,  and  is  con- 
structed only  with  reference  to  general, 
and  not  particular  circumstances.  If 
applied  to  a  natural  order,  it  neglects 
variations  from  the  typical  structure, 
and  confines  itself  to  the  normal  organi- 
zation, or  what  the  describer  considers 
to  be  so,  stating  that  in  brief  terms.  In 
short,  it  is,  when  applied  to  genera  and 
species,  what  modern  Botanists  call  a 
generic  or  specific  character,  and  is  the 
usual  description  given  of  a  natural  order 
in  general  works.  Linnaeus  rightly  con- 
sidered it  to  be  of  great  value,  but  ex- 
tremely difficult  to  draw  up.  It  is  some- 
times called  a  Diagnosis. 

A  Natural  character,  on  the  other 
hand,  is  a  complete  description  of  the 
organization  of  a  given  species,  genus, 
or  order,  including  an  account  of  every 
part,  and  comprehending  every  devia- 
tion from  normal  structure,  whether  ha- 
bitual or  accidental.  It  can  only  be 
drawn  up  at  great  length,  and  from  its 
length  is  only  suited  to  monographs. 
It  is,  however,  if  well  drawn  up,  of  the 
greatest  consequence.  LinnsBus,  who 
however  did  not  understand  it  in  the 
modern  sense,  says,  "  basis  est  omnium 
systematum,  generum  infallibilis  custos, 
omnique  systemati  possibili  et  uno  ap- 
plicabilis."  And  again,  "If  the  Natural 
characters  of  all  genera  had  been  de- 
tected, the  knowledge  of  plants  would 
be  very  easy ;  and  it  is  only  to  their  own 
loss  that  many  Botanists  undervalue 
them.  But  they  ought  to  know  that  no 
one  can  be  a  sound  Botanist  without  an 
acquaintance  with  natural  characters  ; 
for  a  Botanist  must,  in  the  absence  of 
Natural  characters,  be  in  continual  un- 
certainty as  often  as  new  genera  are 
detected.  He  who  fancies  he  is  ac- 
quainted with  Botany  by  the  use  of 
mere  Essential  characters,  neglecting 
the  natural  ones,  only  deceives  others 
as  well  as  himself;  for  all  Essential  cha- 
racters must  become  fallacious  as  fast 
as  new  genera  are  discovered.  Natural 
characters  are  the  very  foundation  of 
genera,  which  it  is  impossible  to  under- 
stand without  them ;  and  therefore  they 
are,  and  always  will  be,  the  foundation 
of  all  knowledge  of  plants.'* 


Although  Linnsens  did  not,  as  has 
already  been  observed,  apply  the  word 
Natural  character  in  its  modem  sense, 
yet  these  declarations  of  that  distin- 
guished man  are  quite  applicable  to 
such  descriptions  as  are  here  alluded  to. 
The  following  descriptions  of  the  im- 
portant natural  order  Compositse,  or 
of  what  we  have  called  the  Group  As- 
terales  (p.  182),  will  illustrate  the  sub- 
ject of  this  discussion,  and  conclude 
what  it  appears  necessary  to  introduce 
in  this  place  from  the  subject  of  I>e- 
scriptions. 

ASTBRALES  OR  COMPOSITE. 

Essential  Character. 

Corolla  monopetalous.  Stamens  syn- 
genesious.  Ovary  inferior,  one-celled; 
ovule  erect.    Seed  without  albumen. 

That  is  to  say,  all  plants  agreeing  with 
this  description  in  all  its  parts,  ^knsg 
to  Asterales. 

Natural  Character. 

Vegetation,  Herbs,  usually  perennial, 
or  shrubs,  or  more  rarely  (pnncipaJIy  in 
insular  situations),  trees,  occurring  all 
over  the world,andformingaboutatenth 
part  of  the  whole  vegetable  kingdom. 
Leaves  alternate  or  opposite,  extremely 
variable  in  form,lobing,  or  aspect,  always 
simple,  never  compound.  Stem  (when 
simple)  or  branches  terminated  by  a 
head  or  glomerule.  Branches  generally 
corymbose,  those  in  the  middle  the  ear- 
liest. Leaves  stationed  below  the  heads 
or  glomerules  usually  different  from  the 
rest,  and  called  floral  or  bracteal, 
changed  into  scales  sometimes  gradu- 
ally, sometimes  abruptly,  and  then  much 
larger  than  the  scales.  Corollas  now 
X  ant  hie,  now  cyanic  in  the  same  head, 
either  homochromous  or  one-coloured. 
or  heterochromous  or  two-coloured; 
when  two-coloured  the  ligulate  always 
cyanic  and  the  tubular  xanthic;  even 
when  the  xanthic  tubular  corollas  be- 
come ligulate  owing  to  any  monstrosity, 
they  also  become  cyanic !  Proper  juice 
variable,  sometimes  milky.  Taste  usu- 
ally bitter,  astringent,  and  aromatic. 

Inflorescence. — Flowers  collected  into 
a  head  or  glomerule.  Heads  consisting 
of  several  florets  upon  a  receptacle  or 
end  of  a  branch,  whether  flat,  or  coni- 
cal, or  lengthened  ;  the  exterior  or  outer 
earliest ;  the  interior  by  degrees  later. 
Flowers  either  all  hermaphrodite,  and 
then  the  heads  homogamous;  or  th^ 
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exterior  neuter  or  female,  the  inner  her-  paleaceous  designates   flowers    really 

maphrodite,  or  male,  and  the  heads  then  spiked,  and  heads  in  the  proper  sense 

heterogamous ;  or  all  in  the  same  plant,  of  the  word ;  while  the  fimbrilliferous 

either  male  or  female,  and  then  the  or  alveolate  receptacles  indicate  heads 

heads  either  monoscious,  that  is,  both  closely  packed  together,  and,  properly 

male  and  female,  or  heterocephalous,  speaking,  umbellate,  the  sockets  repre- 

that  is,  some  male  some  female,  or  dice-  senting  the  rudiments  of  an   involu- 

cious ;    that  is,   all  males  or  females  crum.  To  speak  more  plainly,  the  heads 

upon  the  same  plant.     Heads  either  are  arranged  upon  the  plan  either  of 

with  all  the  corollas  tubular,  and  then  a  contracted  spike   or   a  contracted 

called  discoidal,  or  iioscular ;   or  with  umbel. 

all  the  corollas  ligulate,  and  then  called       Pruetiflcation. — Calyx  monocepalous, 

ligulate,  or  formerly,  scmifloscular ;  or  adhering  to  the  ovary ;  the  tube  some- 

with  the  corollas  of  the  margin  or  ray  times  ec^ual  to  the  ovary,  sometimes 

lijCulate,  of  the  centre  or  disk  tubular,  longer  ;  its  hmb  or  pappus  either  alto- 

and  then  termed  radiant ;    or  all  bila-  gether  deficient,  or  reduced  to  a  narrow 

biate,  and  then  falsely  discoidal;    or  lim,  very  rarely  leafy,    or   more  fre- 

ligulate  at  the  margin,  and  bilabiate  in  quently  scarious,  entire,  toothed,  lobed, 

the  centre,  and  then  falsely  radiant  or  or  breaking  up  into  paleaceous  scales, 

radiatiform.    Discoidal,  and  falsely  dis-  or  hair-like  bristles ;  simple,  branched, 

coidal  heads  have  sometimes  marginal  tooth-letted,  or  feathery ;  one,  two,  or 

flowers  like  the  others,  but  larger,  and  many  rowed.  Corolla  monopetalous,  in- 

are  then  called  coroneted  (coronata).  serted  into  the  top  of  the  tube  of  the 

Involucrum  consisting  of  many  scales,  calyx, neuramphipetalous, that is.having 

in  one  or  several  rows,  free,  or  (if  in  the  petals  furnished  with  two  nervures 

one  row)  united  at  the  edges  ;  dry,  sea-  next  the  margin ;  whence  usually  five 

rious,  coriaceous,  tleshy,  spiny,  or  leafy,  nervures  in  the  tube  (ten  united  in 

often  separated  into  the  scale  prouer,  pairs)  stretching  from  the  base  to  the 

and  its  appendage ;  the  rows  equal  or  sinus  of  the  lobes,  and  ten  in  the  lobes, 

more  usually  unequal,  imbricated,  or  that  is,  marginal  to  each  lobe;  with 

calyculate,  or  variously  and  somewhat  the  addition  here  and  there  of  accessory 

irregularly  lengthened.   Glomerule  con-  nervures  in  the  middle  of  the  petals, 

sistine  of  one  or  few  flowered  heads,  and  these  in  a  very  few  instances  being 

furnished  with    an    involucre  proper,  the  only  ones  that  are  distinguishable, 

densely  and  vaiiously  aggregated,  sur-  Tube  variable  in    length,    extending 

rounded  by  a  general  involucrum,  seat-  fi-om  the  base  to  the  insertion  of  the 

eti  on  a  general  receptacle  ;  the  flowers  filaments.     Throat    usually  distended 

of  the  centre  generally  the  earliest;  the  from  the  insertion  of  the  filaments,  as 

exterior  later,  or  flowering  in  no  deter-  far  as  the  separation  of  the  lobes  ;  lobes 

minate  order.    Receptacles  of  the  head  generally  five,  rarely  four,  or  three,  or 

either  foliaceous,  thnt  is,  furnished  with  two  ;  valvate  in  osstivation,  sometimes 

paleflB  resembling  the  scales  of  the  in-  all  equal,  sometimes  almost  equal,  orir- 

volucrum,  situated  at  the  outer  side  of  regular,  unequal,  orpalmate;  sometimes 

each    fiower,  articulated    above    their  bilabiate  (or  three  for  the  outer  lip,  two 

base,  and  in  occasional  monsters  ex-  for  the  inner,  or  four  for  the  outer,  one 

panded  into  true  leaves ;   or  semipa-  for  the  inner) ;    sometimes,  in  conse- 

leaceous,  namely,  furnished  with  palese  (|uence  of  a  fissure  carried  down  the 

towards  the  outside  only ;    or  epalea-  inside,  expanded  into  a  five-toothed  flat 

ceous,  or  naked ;  that  is  altogether  des-  ligula.  Stamens  five,  rarely  four,  in  the 

tituteofpalese.  In  some  heads  (or  perhaps  female  or  neuter  flowers  deficient  or 

glomerules  very  closely  packed  together)  rudimentary;  filaments  alternate,  with 

the  receptacle  is  called  sometimes  fim-  the  lobes  of  the  corolla,  and  therefore 

brUliferous,  when  each  flower  is  sur-  corresponding  with  the  nervures  of  the 

rounded  on  all  sides  with  a  socket  scaly  tube,  adnate  to  the  tube  of  the  corolla, 

at  base,  and  divided  at  the  edge  into  free  upwards;    either  wholly  distinct 

irregular  plates  or  bristles ;  sometimes  from  each   other,  or  combined  into  a 

alveolate  when  the  sockets  are  shallow  tube,    and    therefore    monadelphous, 

and  not  extended  into  bristles,  but  often  towai*ds  the  apex  articulated,  the  upper 

tooth-letted ;  or  finally,  areolate,  when  a  antheriferous  joint  standing  in  i)]ace  of 

pentagonal  area,   the  rudiment  of  a  a  connective.     Anthers  erect,  in  one 

■ocket,  bounds  the  base  of  each  flower,  row,  combined  into  a  tube  perforated 

Pouibly  a  receptacle   more  or  less  by  the  style  (syngenesious  or  synan* 


22  BOTANY. 

thereous),  linear,  two-celled,  opening  trate  at  the  point,  surmounted  by  the 

inwards  by  a  longitudinal  cleft,  four-  pappus  already  described,  terminated 

valved,  the  valve  turning  outwards,  at  by  an  epigynous  disk,  surrounding  the 

the  apex  prolonged  i^to  an  appendix  or  central  nectary,   which  is  continuous 

wing,  varying  in  form  and  size  in  dif-  with  the  ovary  and  style-shaped,  or 

ferent  species,  and  frequently  of  a  dif-  socket-like.    Seed  fixed  by  a  very  short 

ferent  consistence  from  the  part  that  cord  to  the  lowest  part  of  the  fruit,  erect, 

bears  the  pollen  ;  at  the  base  often  ex-  attached  by  the  base  at  the  side  oppo- 

tended  into  two  tails  of  variable  length  site  the  cord.    Lining  of  the  seedskin 

and  form.    Pollen  globose  or  elliptical,  (albumen    Lessing),    thickish,  tender, 

rough  or  smooth.     Ovary  monocarpel-  semi-transparent,  traversed  by  a  double 

lary,  adhering  to  the  calyx,  one-seeded,  cord.     Embryo  erect,  straight,  exor* 

Style  taper,  or  more  rarely  tumid  at  the  hizal,  dicotyledonous;    radicle    short, 

base  (and  then  called  bulbous),  usually  straight ;  plumule  generally  inconspi- 

in  the  male  flowers  quite  simple  if  pre-  cuous,  cotyledons  plane,  usually  rather 

sent,  in  the  females  and  hermapliro-  convex  at  the  back,  very  rarely  curved, 

dites  bifld  at  the  end;  its  arms  (or  sometimes  accidentally  three  in  num- 

vulgarly  stigmas)  plane  above,  convex  ber. 

beneath  ;  either  altogether  distinct,  or  It  must  be  obvious  to  every  one,  upon 
more  or  less  united.  Stigmatic  glands  reading  the  foregoing  description,  that 
(stigmas  properly  speaking)  in  two  it  is  so  constructed  as  to  comprehend 
rows,  situated  upon  the  upper  face  of  every  kind  of  structure  that  Composite 
the  arms  of  the  style,  in  continuous  plants  ever  present,  and  that  conse- 
marginal  rows,  roughish,  more  or  less  quently  the  working  Botanist  can  tell 
prominent  or  distinct.  Collecting  hairs  at  once,  by  glancing  his  eye  over  the 
of  pollen  rigid,  on  the  upper  part  of  the  paragraphs,  what  the  structure  and 
style  in  hermaphrodite  flowers,  or  on  limits  of  variation  are  of  any  particular 
its  arms  at  the  lower  side  or  apex ;  organ,  without  undertaking  the  labour 
in  the  female  flowers  neuter,  or  almost  of  a  long  and  tedious,  or  perhaps  im- 
none.  Fruit,  or  achenium,  composed  of  possible  examination  for  himself.  At  the 
the  tube  of  the  calyx,  the  pericarp  and  end  of  seven  years'  constant  study,  Pro- 
the  seedskin,  more  or  less  completely  fessor  De  Candolle,  from  whom  the  de- 
combined,  and  enclosing  the  embryo,  scription  is  translated,  is  able  to  state 
Achenium,  therefore,  one-celled,  one-  what  the  real  characters  of  these  plants 
seeded,  articulated  with  the  receptacle,  are,  and  by  putting  his  knowledge  into 
most  commonly  sessile,  more  rarely  sti-  this  technical  form,  he  renders  it  avail- 
pitate,  having  an  open  space  (areola)  at  able  for  any  other  Botanist  upon  ten 
its  base  or  side,  either  beakless  or  ros-  minutes*  study. 
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riMAL    PHYSIOLOGY. 


A   Physiology,   derived  from  and  which  modify  the  first  in  a  very 

c  words,  one  of  which  signi-  wonderful  manner,  and  to  a  v^  extra- 

0,  and  the  other  on  accoiin/ 6/,  ordinary  extent.  .  The  sciences  which 

0  have  been  originally  em<^  treat  of  organized  beings  are  two  only  ; 

desisrnate  a  discourse  concern-  one  has  for  its  subject  their  structure* 

\\  objects  in  general.    For  a  the  other  their  functions :  the  first  is 

past,  however,  this  word  has  termed  Anatomy,  the  second,  Physto- 

ncted  to  a  science  which  com-  logv. 

only  a   particular  class  of  As  far  as  can  be  determined  by  ob- 

istinguished  by  peculiar  and  fenration,  ozganization  has  an  insepara- 

)rtant  characters.    Organizo'  ble  relation  to  life,  and  life  to  organiza- 

ers  on  the  bodies  which  pos-  tion.    We  see  life  only  in  organized 

operties  sufficiently  distinctive  bodies:    we  see  organization  only  in 

le  basis  of  a  division  of  all  the  living  beings.    That  peculiar  series  of 

nature  into  two  great' classes,  phenomena  which  is  exhibited  by  or^a- 

he  inorganic  and  the  organic,  nization  when  in  action,  that  is,  by  hvr 

3ral,  inorganic  bodies  .possess  ing  beings,  constitutes  the  subject  of 

linate  structure.  In  some  few,  Physiologv.  .  Physiology,  then,  is  the 

i  in  crystals,  there  is  a  defi-  scic^ioe  which  investigates  thet  fi^nctions 

uniform  arrangement  of  the  of  living  l>eings:  it  is , the  doctrine,  th^ 

it  particles :  but,  even  in  these,  science  of  life. 

in  inorganic  bodies  generally,  Who  has  not  put  to  himself  the  qucs- 
licles  are  merely  in  a  state  of  tion.  What  is  lire  ?  Who  .would  pot  re- 
on,  without  mutual  relation  or  oeive  a  clear;and  just  solution  of  the  in- 
ce ;  the  motions  of  their  entire  quirv  with  a  feeling  of  interest  far  de- 
regulated by  certain  physical  yond  that  afforded  by  the  successful  re- 
operation of  which  is  fixed  and  .suit  of  ordinary  scientific  investigation  ? 
\ ;  and  the  motions  of  the  inte-  We  know  the  mechanism  bv  which  life 
ts,  and  all  the  results  of  such  acts :  we  feel  its  result.  .  We  see',  that 
are  equally  determinate,  while  that  mechanism  is  so  delicate,  so  comr 
ascertained,  or  ascertainable,  plicated,  so  fragile,  so  easily  set  wrong, 
experiment.  The  science  while  our  own  interest  is  so  deep  that 
?ats  of  this  immense  class  (^  it  should  eo  well,  and  permanently 
)mmonly  termed  Natural  Phi-  well,  that  the  exquisiteness  of  adjust- 
receives,  in  its  primary  divi-  meiit,  the  skill  of  contrivance,  the 
Perent  names,  according  to  the  completeness  with  which  the  intended 
•roperties  which  it  is  its  object  result  is  secured,  all  subjects  of  distinct 
^ate.  Thus,  the  science,  which  and  interesting  investigation,  only  in- 
3  subject  quantity  in  general,  crease  the  earnestness  of  our  wish,  that 
Mathematics;  figure, Geome-  we  could  see  beyond  the  mechanism, 
ion,  that  is,  motion  of  entire  and  understand  that  which  it  is  per- 
^yiiamics :  while  that  which  in-  mitted  us  to  know  only  by  conscious- 
;  the  motion  of  the  integrant  ness.  In  this  inquiry,  we  cannot  forget 
Df  masses,  and  the  results  of  that  we  ourselves  are  the  subjects  of  the 
ion,  is  denominated  Chemistry,  investigation,  and  that  all  we  have,  and 
zed  beings  possess  certain  pro-  are,  and  hope,  are  involved  in  the  mys- 
i  common  with  inorganic  bd-  tery  ;  and  the  more  we  pursue  the  in- 
t  to^  these  others  are  super-  .  quiry,  the  deeper  we  feel  that  there  are 
f  which  they  are  distinguished,  few  suljects  which  the  human  mind  cm 
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study  which  have  a  greater  tendency  to  them  into  combinations  entirely  new.  If 

excite  its  wonder,  to  fill  it  with  admira-  a  living  being  be  brought  under  the  in- 

tion,  to  penetrate  it  with  gratitude.  We  fluence  of  these  agents,  it  is  found  capa- 

do  not  commonly  consider  how  much  ble  of  resisting  such  changes  within  a 

is  given  us  in  life  :  the  daily  enjoyment  very  considerable  ran^e,  and  it  retains 

of  the  boon,  renden  ua  insensible  of  the  this  power  as  long  as  it  continues  to  be 

variety  and  plenitude  of  its  richness:  a  living  being.    Thus  the  living  body  is 

we  become  more  sensible  of  it  when  we  not  decomposed  under  degrees  of  tem- 

contemplate  the  number  of  tissues  that  perature  and  moisture,  which  begin  to 

have  been  formed ;  the  number  of  pro-  resolve  it  into  its  primitive  elements  the 

perties  that  are  attached  to  each  ;  the  moment  it  is  dead.    There  is  a  certain 

number  of  organs  that  are  constituted  temperature,  different  in  different  cases, 

by  their  aggregation  and  arrangement ;  at  which  the  functions  of  the  economy 

the  number  of  functions  that  are  exer-  are    performed    in    the  best  muiner, 

cised  by  those  organs ;  and  the  number  and  all  living  beings  have  the  power 

of  adjustments  by  which  all  are  com-  of  preserving  that  temperature,  within 

bined  and  harmonized,  and  made  effec-  a  very  considerable   range,  whaferer 

tufd  to  the  production  of  one  grand  re-  may  be  the  degree  of  heat  or  cold  of  the 

suit :  it  is  then  we  perceive  how  many  medium  that  surrounds    them.     The 

things  must  exist,  how  many  relations  heat  of  a  tree  examined  by  Mr.  Hunter 

must  be  established,  how  many  actions  was  found  to  be  always  several  degrees 

must  be  performed,  how  many  combi-  above  that  of  the  atmosphere  when  the 

nations  of  actions  must  be  secured,  be-  atmospheric  temperature  was  bdow  fl6^ 

fore  there  can  he  sensation,  and  motion,  Fahrenheit ;  but  it  was  always  levenl 

and  thought,  and  happiness.  degrees  Mow  it  when  the  weather  was 

Physiologists  of  the  nighest  distinction  warmer.  The  sap  taken  from  the  tree 
have  spoken  of  life  without  reserve  or  was  found  to  freeze  at  32^ ;  while  in  the 
explanation,  as  a  principle  or  a  power ;  tree,  it  would  not  freeze  below  47^.  Bat 
a  real  and  distinct  agent,  upon  which  animals  exhibit  the  most  sunirising 
the  various  phenomena  of  life  depend,  power  of  resisting  the  different  ocgwei 
But  life,  as  far  as  we  affix  any  scientific  of  heat  or  cold  of  the  surrounding  me- 
meaning  to  the  word,  is  a  peculiar  dium.  The  power  of  the  superior  ani- 
mode  of  being,  in  which  a  certain  series  mals,  and  especially  of  man,  to  resist 
of  phenomena  are  observed  to  take  high  degrees  of  temperature,  at  first  dis- 
place; these  phenomena  are  never  covered  by  accident,  and  afterwards 
found  associated  with  any  other  condi-  made  the  subject  of  direct  experiment, 
tions,  but  that  one  to  the  designation  of  is  very  extraordinary.  In  the  year  1760, 
which  the  term  life  is  appropriated :  at  Rochefoucault,  Messieurs  du  Hamel 
hence  we  use  this  word,  merely  as  the  and  Tillet,  having  occasion  to  use  a 
short  expression  by  which  this  peculiar  lar^e  public  oven  on  the  same  day  m 
state  of  being,  or  the  associated  pheno-  which  bread  had  been  baked  in  it, 
mena  which  constitute  it,  are  denoted,  wished  to  ascertain  with  precision  its 
What  hfe  is,  independently  of  this  series  degree  of  temperature.  This  they  endea- 
of  phenomena,  we  are  wholly  ignorant,  voured  to  accomplish  by  introducing  a 
as  we  are  of  everything  but  appearances  thermometer  into  the  oven  at  the  end  w  a 
in  relation  to  every  object  in  nature.  shovel.    On  Iwing  withdrawn,  the  ther- 

When  these  signs  of  life  are  care-  mometer  indicated    a  degree  of  heat 

fully  considered,  it  will  be  found  that  considerably  above  that  of  boiling  water; 

they  are  reducible  to  five,  or  that  there  but  M.  Tillet,  convinced  that  the  ther- 

are  five  properties  which  are  peculiar  to  mometer  had  fallen  several  degrees  oh 

living  beings,  and  by  which  therefore  approaching  the  mouth  of  the  oven,  and 

they  are  distinguished.    Of  these,  the  appearing  to  be  at  a  loss  how  to  rectify 

first  is  the  property  they  possess  of  re-  this  error,  a  girl,  one  of  the  attendants 

sisting,  within  certain  limits,  the  opera-  on  the  oven,  offered  to  enter,  and  mark 

tion  of  the  ordinary  laws  of  matter,  with  a  pencil  the  height  at  which  the 

Physical  agents  exert  over  inorganic  thermometer   stood  within   the    oven, 

bodies  a  constant  and  irresistible  in-  The  girl  smiled  at  M.  Tillers  appearing 

fluence.    Air,  moisture,  heat,  produce,  to  hesitate  at  this  strange  proposition, 

in  all  such  bodies,  incessant  changes,  and,  entering  the  oven,  marked  with  a 

subverting  the  closest  union  between  pencil  the  thermometer  as  standing  at 

their  integrant  particles,  and  forming  260**  of  Fahrenheit's  scale.    M.  liilet 
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bejran  io  express  his  anxiety  for  the    in  Ihe  state  of  health  being  98®.    But 
welfare  of  his  female  assistant,  and  to    animals  are  capable  of  living  in  tem- 

press  her  return.     This  female  sala-  peraturesofextraordinary  elevation  even 

mander,  however,  assuring  him  that  she  m  the  dense  medium  of  water.    Dr. 
felt  no  inconvenience  from  her  situation,    Clarke  states,  that  in  one  of  the  tepid 

remained  there  ten  minutes  longer,  when  spring  of  Bonarbashy,  situated  near 

at  length,  the  thermometer  at  that  time  the  Mender,  in  which  the  thermometer 

standing  at  288°   or  76°  above  that  of  rose  to  62°  Fahrenheit,  fishes  were  seen 

boiling  water,  she  came  out  of  the  oven,  sporting  in  the  reservoir.    In  the  thermal 

her   complexion    indeed    considerably  springs  of  Bahia,  in  Brazil,  small  fishes 

heightened,  but  her  respiration  by  no  were  seen  swimming  in  a  rivulet  that 

means  quick  or  laborious.    The  publi-  raises  the  thermometer  to  88°.   Sonnerat 

cation  of  this  transaction  excitmg  a  states,  that  he  found  fishes  existing  in  a 

great  degree  of  attention,  several  philo-  hot  spring  at  the  Manillas  at  158°.    M. 

sophers  repeated  similar  experiments,  Humboldt  and  M.  Bonpland,  in  travel- 

among  which  the  most  accurate  and  ling  through  the  province  of  Quito  in 

decisive  were  those  performed  by  Drs.  South  America,  perceived  fishes  thrown 

Fordyce  and  Blagden.    The  rooms  in  up  alive,  and  apparently  in  good  health, 

which  these  celebrated  experimentalists  from  the  bottom  of  a  volcano,  along 

conducted  their  researches  were  heated  with  water  and  heated  vapour  that  raised 

ty  flues  in  the  floor.  There  was  neither  the  thermometer  to  210°,  being  only  2° 

any  chimney  in  them,  nor  any  vent  for  short  of  the  boiling  point.    This  power 

the  air,  excepting  through  the  crevice  of  resisting  temperature  l)elongs,  in  an 

at  the  door.    Having  taken  off  his  coat,  almost  equal  degree,  even  to  the  vegeta- 

waistcoat,  and  shirt,  and  being  furnished  ble  world.  M.  Sonnerat  found  the  vitex 

with  wooden  shoes  tied  on  with  lint,  agntu  casius,  and  two  species  of  aspa- 

Dr.  Blagden  went  into  one  of  the  rooms  lathus  on  the  banks  of  a  thermal  rivulet 

as  soon  as  the  thermometer  indicated  a  in  the  island  of  Lucon,  the  heat  of  which 

degree  of  heat  above  that  of  boiling  raised  the  thermometer  to  1 74°,  and  so 

water.     The  first  impression  of   this  near  the  water  that  its  roots  swept  into  it. 

heated  air  upon  his  body  was  exceed-  Around  the  borders  of  a  volcano  in  the 

inglv  disagreeable ;  but  in  a  few  minutes  Isle  of  Tanna,  where  the  thermometer 

all  his  uneasiness  was  removed  by  the  stands  at  210°,  Mr.  Forster  found  a 

breaking  out  of  a  sweat.    At  the  end  of  variety  of  flowers  flourishing  in  the 

twelve  minutes  he  left  the  room  very  highest  state  of  perfection.  Confervsand 

much  fatigued,  but  no  otherwise  disor-  other  water-plants  are  by  no  means  un- 

dered.    The  thermometer  had  risen  to  frequently  traced  in  the  boiling  springs 

220°.  In  other  experiments  it  was  found  of  Italy  raising  the  thermometer  to  2 1 2°, 

that  a  heat  even  of  260°  could  be  t>ome  or  the  boiling  point.    The  temperature 

with  tolerable  ease.    At  these  high  tern-  at  which  these  oeings  preserve  their  life 

peratures  every  piece  of  metal  alx>ut  the  and  health,  and  maintain  the  heat  of 

body  of  the  experimenters  became  into-  their  bodies  at  nearly  the  same  point  aa 

lerably  hot ;  small  quantities  of  water  is  natural  to  their  tribes  under  ordinary 

Juiced  in  metallic  vessels  quickly  boiled,  temperatures,  is  obviously  more  than 

Though  the  air  of  this  room,  which  at  sufiioient  to  boil  the  vegetable,  or  to 

one  period  indicated  a  heat  of  264°,  roast  the  animal  when  dead.    Now,  this 

could  be  breathed  with  impunity,  yet,  power   of    resisting   temperature  the 

of  course,  the  finger  could  not  be  put  living  body  owes  to  the  performance  of 

into  the  boiling  water,  which  indicated  certain  vital  processes  which  are  excited 

only  a  heat  of  212°;  nor  could  it  bear  to  extraordinary  action  under  extraor* 

the  touch  of  quicksilver  heated  only  to  dinary  circumstances.     By  the  same 

120° ;  nor  scarcely  that  of  spirit  of  wine  power  it  is  capable  of  bearing  with  im- 

at  130°.    But  in  a  physiologicsd  view,  punity   intense  degrees   of   cold.     In 

the  most  curious  and  important  point  climates  and  seasons  when  the  thermo- 

to  be  noticed  is,  that  while  the  Dody  meter  indicates  a  degree  of  cold  much 

was  thus  exposed  to  a  temperature  of  below  zero,  the  temperature  of  the  ani- 

264°,  the  heat  of  the  body  itself  never  mal  bodv  continues  almost  unchanged, 

rose  above  101°  or  at  most  102°.    In  and  alltne  functions  of  life  go  on  with- 

one  experiment,  while  the  heat  of  the  out  impediment  or  injury.    Some  of  th'e 

room  was  202°,  the  heat  of  the  body  lower  animals  may  even  be  frozen  and 

was  only  991°,  its  natural  temperature  rendered  quite  toipid  without  the  loss 

B  2 
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of  life.    The  common  eel  may  be  re-  sometimes  happens  after  deaih,   that 

duced  to  this  condition  and  conveyed  this  fluid  corrodes  and  eats  through  the 

thousands  of  miles  in  a  state  of  com-  very  organ  that  formed  it.    The  e^ 

pl^te  torpor,  while  it  ma)r  be  again  re-  like  most  other  living  beings,  maintains 

stored  to  ,the  full  possession  of  activity  a  temperature  considerably  above  that 

and  health,  by  the  "cautious  application  of  the  surrounding  medium :  by  a  ddi- 

of  warmth.    And  in  whatever  climate  cate  thermometer,  its  vitality,  that  is, 

man  hiraselif  has.  been  able  to  live,  or  its  freshness,  may  always  be  ascertuned ; 

into  which  curiosity  has  led  him  to  and  as  long  as  it  is  alive,  it  resists  putre- 

penetrate,  there,  wherever  he  has  been  foction  und^  degrees  of  heat  and  mois- 

able  to  trace. a. vestige  of  animal  being,  tare  which  cause  it  to  'run  rapidly  into 

plants  havQ  equally  been  found  flourisD;  the  putrefactive  process  as  soon  as  it  is 

mg  in  vigour  and  adorned  with  beauty,  dead. 

Other  classes  of  facts  indicate  a  con-  The  property  of  hybernation  in  ani- 
trollin^  power  equally  characteristic  of  mals,  exceedingly  curious  in  all  the 
the  livmg  body.  Seeds  endowed  with  circumstances  tliat  belong  to  it,  is  truly 
vitality  remain  unchanged,  under  cir^  wonderful  in  its  preservative  power 
cupistances  in  which  they  would  cer-  ^^a  power  which  maintains  the  exist- 
tainly  be  destrpy^  (that  is,  decomposed  ence  of  the  animal,  not  only  as  well  as  if 
and  resolved  into  their  ultimate  elements)  all  its  vital  actions  were,  in  full  opera- 
were  they  destitute  of  the  principle  of  tion,  but,  if  the  observations  of  some 
life!  They  regain  buried  many  thou^  naturalists  are  to  be  credited,  even  under 
sand  years  deep  in  the  bowels  of  the  circumstances  in  which  the  animal  eould 
earth,  yet  when  accident  throws  them  not  live,  were  its  ordinary  vital  actions 
to  the  surface,  and  they  fall  into  a  soil  in  complete  play.  The  state  of  hyber- 
which  is  favourable  to  their  vegetation,  nation  itself  seems  to  be  ('produced  in 
they  immediately  besin  to  develope  pro-  order  to  preserve  the  animal  from  the 
parties,  which. had  Tain  latent  for  un-  operation  of  temporary  causes,  such  as 
Known  .ag^s,  and  spring  into. active  life  states  of  temperature,  climate,  and  so 
with  all  the  vigour  of  a  seed  formed  on,  which  would  be  fatal  to  it.  "While 
under  our  own .  eye.  Hence  in  the  these  states  continue,  the ,.  usual  vital 
neighbourhood  of  quarries  new  plants  processes  are  either  wholly  suspended,  or 
ar§  continually  naaking  their  appear-  go  on  with  an  extraordmary  degree  of 
apce,  which  had  never  before  been  ob-  slowness:  as  s^on  as  the  former  pass 
served  to  grow  near  such  places.  Seeds  away,  the  latter  ^-enew  their  action,  and 
pass  uninjured  even  through  the  diges-  the  animal  springs  into  life  with  reno- 
tive  organs  of  animals,  exposed  with  vated  power, .  safe,  during  the  whole 
impunity  to  the  most  powerful  of  all  period  of  its  suspended  animation,  from 
solvents  ofvegetable  and  animal  matter,  the  influence  of  physical  agents,  not 
the  gastric  juice.  And  what  is  truly  only  in  their  ordinary  state  of  eneilgy, 
remarkable,  irresistible  as  the  action  of  but,  as  has  been  just  stated,  in  an  ex- 
that  wondeif ul  fluid  is  upon  all  dead  ordinair  degree  of  intensity, 
vegetable  and  animal  substance,  it  has  The  loir,  or  fat  dormouse,  which  in 
no  perceptible  influence  whatever  upon  winter  falls  into  a  torpid  state,  illus- 
any  of  those  substances  as  long  as  they  trates  what  may  be  considered  as  the 
retain  their,  vitality.  No  living  bein^,  lowest  degree  of  hybernation.  These 
when  in  the  stomach  of  an  animal,  is  creatures  possess  so  little  animal  heat 
acted  upon  bv  its  gastric  juice  until  the  that  it  scarcely  exceeds  the  ordinary 
vitality  of  that  being  is  destroyed,  temperature  of  the  air:  their  torpor 
Hence  worms  are  capable  of  living  for  ceases  with  the  cold :  a  few  degrees  of 
an  indefinite  period  in  the  stomach  of  heat,  about  ten  or  eleven,  will  reanimate 
animals,  and  are  exposed  with  impui)ity  them,  and  if  they  are  kept  during  winter 
to  their  gastric  juice ;  nor  is  there  any  in  a  warm  room,  they  will  continue  ac- 
mode  of  destroying  them,  but  that  of  five  the  whole  seaspn ;  they  will  then 
introducing  into  the  stomachs  of  the  move  about,  eat,  drink,  and  sleep  at 
animal  some  substance  which  kills  these  the  usual  intervals,  like  other  animals. 


tact  with  its  own  gastric  juice,  without    or  defU  of  rocks,  or  m  holes  in  walls 
receiving  any  injury  from  it;  but  it   exposedtothesouth;  they  may  betaken 
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anJ  rolled  about  without  rousing  them  ;  retiring  into  the  hollows  of  trees,  the 
nothing,  indeed,  seems  to  awaken  them  clefts  of  rocks,  and  the  bottom  of  deep 
from  their  lethargy  but  gradual  heat ;  if  caverns,  fall  into  a  torpid  state,  and  con- 
exposed  suddenly  before  a  fire  they  die :  tinue  in  a  profound  lethargy  during  the 
resuscitation  can  only  be  effected  by  de-  cold  months.  In  the  severer  climates,  the 
grees.  .  In  this  state,  however,  ahhough  fact  of  their  hybernation  is  still  itiore 
deprived  of  the  capability  of  movement,  abundantly  attested;  but  the  most  ex- 
with  the  jeyes  closed,  and  in  an  apparent  traordinary  statement  is  that,  in  such 
state  of  death-like  indifference,  they  pos-  countries,  they  precipitate  thenlselves  into 
sess  a  feeling  of  pain  when  sharply  in-  the  sea  and  mto  deep  lakes  and  rivers, 
flicted :  a  wound  or  a  burn  causes  them  at  the  bottom  of  which  they  remain  diir- 
to  contract,  and  to  make  a  slight  sort  of  ing  winter  in  a  state  of  profound  torpor, 
convulsive  leap,  which  they  will  repeat  If  such  accounts  may  be  credited,,  and 
■everal  times.  they  are  attested  by  authorities  which  can 
From  experiments  performed  on  this  scarcely  be  questioned,  how  wonderful 
S|)ecies  in  particular,  among  other  lethar-  must  be  the  action  of  the  vital  principle 
ffic  quadrupeds,  by  A.  IVI.  Mangili  of  in  preserving  the  life  of  an  animal  under 
Pavia,  it  appears  that  its  hybernating  circumstances  so  extraordinary,  in  an 
or  lethargic  state  takes  place  only  within  element  which  would  certainly  be  fatal 
certain  ranges  of  temperature;  that  to  it  in  a' few  minutes  in  its  ordinary 
either  too  high  or.  too  low  a  degree  of  state;  with  its  respiration  suspended, its 
temperature  prevents  it  from  coming  on ;  circulation  stopped,  and  its  blood— ^in 
that  the  torpor  is  most  profound  when  what  condition  must  we  conceive  this 
the  tempemture  is  at  from  5^  to  7^  above  fluid  to  remain  ?  If  it  coagulate,  which 
lero,  and  that  a  more  intense  cold  even  it  must  do  in  a  few  seconds,  unless  un- 
revives.the  animal  to  activity.  These  der  some  counteracting  and  controlling 
expiiniiients  shew.'in  the  most  beautiful  influence,  it  can  no  lotigerbe  a  living 
iniUii¥;r  bow  completely  this,  singular  fluid,  and  how  then  can  the  animal  pos- 
coniitlon,  scarcely  to.be  distinguished  sibly  revive?  But  if  it  do  not  coagulate, 
frotti  that  of  death,  is  under  the  regula-  if  it  remain  alive,  and  therefore  fluid, 
jion  and  control  of  the.  vital  principle,  though  at  perfect  rest,  and  exposed 'to 
that  principle  inducing  the  state  when  such  a  degree  of  cold  for  this  length  of 
the  cpid  is  at  a  certain  degree,,  but  pre-  time,  how  striking  an  illustration  would 
venting  it  from  coming,  on,  aiid  even  this  most  singular  fact  afford  of  the  un- 
roujsing  the  animal  from  it  when  it  has  interrupted  and  enduring  and  efficient 
actually  supervened,  if  the  intensity  of  action  of  the  vital  principle,  under  cir- 
Uie  cold  Increase.  .  cumstances  which  would  seem  absolutely 
.  But  if  the  accounts  given  by  natural-  incompatible  with  its  existence  even  for 
isfs  of  the  hybernating  condition  .of  cer-  a  few  moments! 
tain  birds  be  deemed  worthy  of  credit.  Not  less  remarkably  is  the  influence 
how  much  moi:^  wonderful  must  appear  of  this  living  power  exemplified  in  the 
the  preservative  power  of  life,  and  how  protection  it  affords  the  body  from  dis- 
much  more  extraordinary  the, modi-  ease.  It  often  happens,  that  causes 
fications  of  state  in  the  same  animal  which  are  injurious  to  the  bo<Iy,  when 
of  winch  it  will  admit !  Tliati he  cuckoo  they  do  not  operate  upon  it  with  suffi- 
hybernates,  and  that,  when  accidentally  cient  intensity  utterly  to  destroy  life,  are 
found  in  its  torpid  state,  it  appears  like  still  adequate  to  disturb  its  functions, 
a  dead  mass  of  matter ;  that  it  may  be  and  thus  to  occasion  disease.  Against 
rolled  about,  or  even  struck  with  a  the  influence  of  such  noxious  agents  the 
considerable  de^ee  of  violence  without  living  body  is  endowed  with  a  power  of 
producing  the  shghtest  sign  of  sen&ation ;  resistance  which  affords  it  complete  se- 
Ihat  i\s  respiration  and  every  other  ma-  curity  as  long  as  its  vital  energies  con- 
nifest  vital  action  seem  to  be  wholly  tinue  vigorous ;  but  when  these  decline, 
suspended,  are  weH  known  facts.  Ecjually  the  very  causes;  which  before  made  no 
familiar  to  us  is  the  annual  migration  of  sensible  impression  upon  it,  now  ])rovc 
swallows  from  our  country  and  their  re-  fatal.  Hence  the  weaker  the  body  the 
eular  return  to  it  in  the  month  of  April ;  more  susceptible  it  is  to  the  influence  of 
put  it.' is  not  so  generally  known  that  physical  agents,  and  the  less  it  is  capa- 
some  of  these  binls,  probably  the  young  ble  of  resisting  the  influence  of  those 
and  the  feeble,  remain  the  whole  year  in  that  are  noxious.  And  when  at  length 
Britain,  and  &s  the  winter  approacbei,  death  does  take  place,  how  instantahe- 
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oUt  and  how  entire  ii  the  chuwe  vhich  taken  siray ;  new  pirticlei  are  evtxj 
the  body  undergoes  I  During  Tif^,  in  a  moment  siippliuil :  it  is  by  inceswnt 
areaf ure  hizh  in  the  scale  of  beinfr,  how  motion  among  the  inle^ant  particles 
■racefuliitheroitndedrormofthelimbs,  or  the  living  body,  not  by  rest,  thai  ila 
broken  only  by  the  undulations  i»hioh  inlegrily  is  preserved ;  and  that  molion, 
mark  the  play  of  the  mutclei  and  which  Tor  the  most  pai1,  is  internal.  A  circle 
Htdicata  their  itrengthl  Hon  ult  tbe  of  actions  is  established  tcitAintlie  body, 
Iialniy  heat  which  pervades  every  part  of  by  which  certain  processes  are  aecooi- 
the  frame  I  How  exquitite  fha  Tarietr,  pliahed  which  counteract  decomposilion 
the  nqiidity,  the  ex'aetnesii  the  strength  and  retain  it  in  the  peculiar  condilion 
of  the  motementft  The  Initant  death  which,  hs  far  as  our  observations  go,  is 
leiiei  on  thia  aotive  cmture,  all  its  necessnry  to  lire.  Thus,  internal,  or,  si 
power  of  motion  is  at  an  end  ;  its  ge-  they  are  often  termed,  intestinal  actions, 
nial  warmth  is  gone  ;  its  muscles  become  counteracting  the  ordinary  influence  of 
flaocid;  the  angles  oCilg  bones  are  pro-  physical  agents,  afford  the  first  distinc- 
minent  and  sharp;  ils  eyes  lose  tneir  tive  eharacleror  life, 
lustre;  its  countenance  is  without  ck-  3.  The  second  is  the  power  possessed 
pression;  ilili^  are  motionless,  and  its  by  the  living  body  of  assimilating  foreign 
cheeks  livid.  This  livid  colour  passes  malter  to  ils  own  substance.  Tlie  par- 
rapidly  to  a  blue,  a  green,  a  blacK  :  the  tides  of  which  inorganii!  bodies  consist 
flesh  absorbs  raoiaturej  one  part  of  il  are  held  togeltier  by  mutual  attraction: 
arises  in  pestilential  eihalalions,  the  re-  they  increase  bv  the  juxtaposition  o( 
maining  part  becomes  a  liquid  and  putrid  new  particles,  wSiich  are  merely  super- 
mass,  and  the  work  of  destruction  stops  imposed  upon  the  pre'Cxisting  mass. 
only  when  nothing  remains  of  the  hndy  The  living  body  is  endowed  with  the 
but  a  few  earthy  and  saline  particles,  power  of  converting  materials  of  differ- 
everything  else  being  dispersed  in  air  or  ent  natures  into  one  homogeneous  sub- 
camedoltby  water;  havmg entered  into  stance,  and  of  elaboraling  from  that 
new  combinations  or  formed  a  consti-  aubslance  the  various  fluid  and  solid 
tuent  part  of  new  beings.  Andlheohe-  parts  of  which  it  is  composed.  The 
mical  affinities  of  the  t^ents  which  pro-  plant  puts  forth  ils  roots  into  the  soil, 
duce  these  astonishing  changes,  agents  and  abstracting  the  nutrient  particles 
which  have  surrounded  the  body  from  it  finds,  converts  them  into  its  own  pro- 
the  first  moment  of  ils  existence,  why  per  subslance.  The  animal  receives 
have  they  not  always  operated  ? — for  into  the  interior  of  its  l)odf  the  diffemil 
Ihereason  we  have  endeavoured  to  ilhiB-  substances  from  which  it  derives  its 
trate ;  because,  in  the  former  case,  the  nourishment ;  dissolves  them ;  decom- 
body  was  alive,  and  therefore  resisted  poses  them ;  recombines  thdr  elements 
and  controlled  the  influence  of  th%Be  in  new  proportions  and  in  difTermt 
agents;  in  the  latter  case,  life  being  modes,  andtnui  forms  all  the  tusues 
extinguished,  the  body  is  in  the  con-  and  all  the  organs  which  anatomy  dti- 
dition  of  an  inorganic  substance,  and  plays  as  composing  ils  structure, 
il  therefore  instantly  acted  upon  by  3.  A  third  character  by  which  tbe 
them.  living  body  is  distinguished  is  derived 
The  manner  in  which  physical  and  from  the  peculiar  disposition  of  the  ma- 
chemical  changes  are  eBfected  In  inor-  terials  of  which  it  consists :  that  dispo- 
ganio  tiodies,  is  either  t^  the  change  of  silion  is  always  regular  and  determinate, 
place  in  their  masses,  or  by  the  change  constituting  arrangement.  This  ar- 
of  combination  in  the  elementary  parti-  rangement  is  termed  structure ;  the  pro- 
cles  of  which  thay  are  composed.  It  is  cess  by  whwh  il  is  effected  is  called  or- 
remarkable  that  fife  does  not  counteract  ganitalion ;  hence  the  t»dy  in  which  it 
the  operation  of  the  agents  which  pro-  is  found  is  said  to  be  organiied.  The 
duce  these  changes,  as  might  at  first  be  most  simple,  or  the  ultimate  arrange* 
supposed,  by  retaining  in  one  uniform  ment,  in  an  organiied  body,  as  far  as  it 
position  the  identical  particles  of  which  is  in  our  power  to  trace  it,  consists  of 
the  living  bodjr  is  formed  ;  for  no  par-  an  areolated  and  spongy  substance, 
ticle  of  the  living  body  retains  its  rela-  forming  exceedingly  minute  cavities,  in 
five  position  for  any  considerable  time— .  which  the  fluids  are  contained.  Of 
no  particle  continues  long  in  the  body  this  structure  an  imperfect  coneep- 
ilself ;  all  are  in  a  state  of  constant  mu-  tion  maj  be  oonvejed^  by  tbe  annexed 
tfttion ;  old  parUoles  an  every  moment  flgm 
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■urprisin^  rapidity.  Blumenbncli  stales 
that  lie  cut  awav  the  entire  eye  of  the 
water. newt,  ana  lliat  t  tie  organ  was  per- 
fectly restored,  only  somewhitt  smaller 
than  the  other,  in  a  short  space  of  line. 


Fig.  2. 


Thia  areolated  and  >pongy  nibstance 
ia  disposed  in  layers ;  ils  fibres  interlace 
ftnd  intersect  each  other  in  every  pos- 
sible direction ;  thus  uniting,  it  rorms 
tisiues ;  tissues  combine,  and  furm  or- 
Kans;  or^s  combine,  and  constitute 
Uie  entire  Dody, 

We  haie  thus  arrived  at  three  cha- 
racters which  distinguish  the  living 
body,  namely,  the  power  ot  resisting, 
within  a  certain  range,  the  i»dinary 
operation  of  physical  agents ;  the  power 
of  converting  matter  of  dintrent  qua- 
lities into  its  own  proper  substance,  and 
the  power  of  arranging  the  substance 
thus  formed  in  a  regular  and  determi- 
nate manner,  denominated  structure. 
There  are  two  additional  phenomena, 
which  are  equally  distinctive  ot  it ;  these 
itiate  to  its  origin  and  its  termination. 

4.  It  is  a  general  law,  that  living 
bongs  derive  tneir  origin  from  pre-ez- 
bting  living  beings,  by  a  peculiar  pro- 
eeta,  termed  generation.  The  first  ori- 
Kin  of  a  new  beine;  is  veiled  in  impene- 
frible  mystery:  its  first  indications  of 
life,  however,  can,  in  general,  tw  traced 
to  what  is  termed  a  germ;  Ih&t  is,  an 
<nf^aniied  substance,  the  product  of  the 
parent  animal.  Living  iMdies  form, 
primitively,  part  ot  other  living  bodies 
from  which  thnr  are  subscquentlv  de- 
taclied ;  from  these  bodies  they  oerive 
the  degree  of  development  which  ren- 
ders them  capable  of  independent  exist' 
ence  :  it  is  the  vital  motion  in  theparent 
■tocic  that  communicates  to  the  ofisprin^ 
its  vital  impulse :  it  is  life  that  gives  on< 


As  thb  power  of  forming  a  being  si- 
milar to  itself,  by  which  the  species  is 
perpetuated,  is  exceedingly  characteristic 
of  the  living  body,  so  its  power  to  re- 
pair or  to  reproduce,  tjy  infernal  actions, 
parts  of  its  own  body  which  may  have 
been  lost,  is  scarcely  less  remarkable. 
In  tha  loner  animals,  entire  organs, 
when  removed,  are  completely  uid 
rapidly  regenerated.  If  one  or  more 
of  the  rays  of  the  asterias  (ftg,  2) 
be  destroyed,  tbey  are  renewed  iritti 


AH  living  beings  have  this  power  in  a 
floater  or  less  degree  ;  but,  for  reasons 
hereafter  to  be  assigned,  the  power  is 
greatest  in  the  most  imperfeotly  orga- 

5.  The  last  character  by  which  the 
Hvine  body  is  distinguished,  is  that  of 
tertmnatinKits  existence  by  the  proeesa 
of  death.  The  vital  energies  by  which 
the  circle  of  actions  ana  reactions  ne- 
cessary to  life  is  sustained,  at  length 
decline,  and  finally  become  exhausted. 
Inorganic  bodies  preserve  their  existence 
imaltersbiy  and  for  ever,  unless  some  me- 
chanical force  or  some  chemical  agent 
separate  their  particles  or  alter  their 
composition.  But,  in  every  living  body, 
its  vital  motions  inevitably  cease,  sooner 
or  later,  from  the  operation  of  causes 
that  are  internal  and  inherent.  Thus, 
to  terminate  its  existence  by  death,  is 
HS  distinctive  of  a  living  I>eing  ss  to 
derive  its  origin  ttam  a  pre.existing 
germ. 

Such  is  the  series  of  phenomena 
which  we  invariably  find  associated 
wherever  there  is  life :  such  a  series 
of  phenomena  is  never  found  but  in 
a  state  of  life.  The  assemblage  of 
these  particular  phenomena  is  ex 
pressed  by  the  general  term  life.  It  is 
natural  to  conceive  that  these  pheno- 
mena are  attached  to  some  permanent 
subject  We  are  almost  irresistibly  im- 
pelled to  the  adoption  of  such  an  hypo- 
thesis, in  relation  to  every  subject,  phy- 
sical as  well  as  vital.  We  say  that 
matter  Is  the  permanent  subject  of  cer- 
tain qualities,  such  as  extension,  divisi- 
bility, attraction,  repulsion,  and  so  on. 
We  say  that  mind  is  the  permanent 
■abject  of  oeiteui  faeultiei,  luch  as  pet^ 
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ception,  memory,  association,  reason,  the  opinion  that  vegetables,  no  less  than 
In  like  manner  we  imagine  thfU  there  is  animals,  possess  sensation,  and  exer- 
a  permanent  subject,'which  we  name  the  cise  spontaneous  motion.  There  are  ve- 
vital  principle,  upon  which  we  conceive  getable  phenomena  which  seem  at  first 
the  phenomena  oflivingbein^  to  depend  view  to  favour  this  opinion;  but,  on 
But  these  permanent  subjects,  these  strict  examination,  it  will  l>e  found  that 
■ubstrata  in  which  qualities  are  sup-  they  really  afPord  no  support  to  it  The 
posed  to  inhere,  must  be  considered,  so  argument  for  the  sensibihty  of  plants  is 
far  as  our.real  knowledge  is  concerned,  founded  on  certain  movements  which 
fictions  of  the  imagination.  All  that  we  they  exhibit,  which  are  truly  analogous 
really  know  are  tl^  ascertained  pheno-  to  those  of  animals,  and  which  it  must 
mena ;  beyond  these  everything  must,  of  be  confessed  have  veiy  mneh  the  appear- 
course,  be  conjecture ;  and  the  most  anee  of  spontaneity.  -  The  study^  of  the 
eminent  men  have  fallen,  and  at  this  :vegetalde  economy  furnishes  numwous 
very  time  are  constantly  falling,  into  examples  of  such  motions.  The  ^erm, 
gross  error,  by  not  keeping'  the  aatinc-  and  the.  radicle  of  the  .seed,  invanablv 
Son  here  suggested  steadily  in  view.  pursue  each  its  proper  direction,  dl  hough 
Organized  oeings  are  divided  into  two  the  seed  l>e  sown  in  an  inverted  position, 
mat  dasses;  vegetables  and  animals.  The  plumula  always  directs  itsdf  up- 
The  phenomena,  we  hkve  hitherto  stated,  wards,  while  the- radicle  as  certainlv 
are  common  to  both.  There  are  charac-  strikes  downward  into  the  ground, 
ters  by  which  they  are  distinguished  •"  Several  years  ago/*-  jsajt  Br.  Perceval, 
firom  each  other :  these  are  derived  from  .who  is  one  of  the  most  mgenious  advo- 
certain' properties  which  are  possessed  cates  of  the  perceptivity  of  plants,**  whilst 
by.  the  one,'  but  of  which  the  other,  is  engaged  in  a  course  of  experiments  to 
destitute.  Every  living  being  must  pos-  ascertain  the  influence  of  &ced  air  on 
Bess  the  power  of  assimilating  foreign  vegetation,  the  foUowipg  fact  repeat- 
m^kteriikls  into  its  own  substanpe ;  and,  edfy  occurred  to  me  :-^A  sprig  of  mast, 
since  it  is  a  law.  of  the  vital  economy  suspended  by  the  root,  with  the  hea4 
that  life  sprinp  from  life  pnly,  it  must  downwards,  in  ^e  middle  glass  vessd 
be  endoweii  with  the  further  property  of  of'  Dr.  Nooth*s  machme,  continued  to 
generating  an  ofPspring  innenting  a  thrive  vifforously,  without  any  other  pa- 
nature  similar  to  its  own.  Otherwise  bulum  than  what  was  supplied  by  the 
€very  species  of  creatures  would  perish  stream  of  mephitic  gas  to  which  it  was 
with  the  primitive  race.  •  The  faculties  exposed.  In-twenty-foiir  hours  the  stem 
of  nutrition  and  reproduction  '  must,  for^ied  into  a  curve,  the  head  became 
there6)Pe,becommon  to  all  living  beings,  erect,  and  gradually  ascended  towards 
Vegetables,  accordingly,  exercise  these  ttie  mouth  of  the  vessel,  thus  producing, 
twQ  functions,  but  to  these  their  economy  by  siiccessivil  efforts,  a  new  and  unusual 
is  limited.  Animals,  on  the  otherband,  configuratipn  of  its  parts.  Such  exer- 
possess  two  additional  faculties,  namely,  tions  in  the  sprig  of-  mint  to  rectify  its 
sensation  and  voluntaiy  motion;  from  inverted  position,  and  to  remove fr^m  a 
which  superadded  endowments  they  are  foreign  to  its  natural  element,  seems  to 
said  to  be  atrimaled,  and  are  therefore  evince  volition  to  avoid  what  was  evU, 
called  animals.  Thus,  vegetables  possess  and  to  recover  what  had  been  expe- 
only  one  set  of  faculties:  animals,  on  rieoced  to  be  good.  If  a  plant  in  a 
the  other  hand,  are  endowed  with  two  garden-pot  be  placed  in  a  room  which 
kinds— first,  fliose  whidh  they  possess  in  has  no  li^ht  except  from  a  hole  in  the 
common  with  vegetables,  and  which,  wall,  it  will  shoot  towards  the  hole,  pass 
accordingly,  are  called  vegetative;  or  through  it  into  the  open  air,  and  then 
which,  because  they  are  essential  to  the  vegetate  upwards  in  its  proper  direction, 
maintehance  of  lite  in  the  indivklual,  Whether  the  pond  in  which  it  grows  be 
and  to  the  perpetuation  of  it  in  the  spe-  deep  or  shallow,  the  water-lily  pushes 
cies,  are  sometimes  denominated  vital;  up  its  flower  stems  till  they  reach  the 
these  are,  nutrition  and  reproduction :  open  air,  in  order  that  {he/anna/ecun' 
and,  secondly,  those  which  are  peculiar  aans  may  perform  without  injury  its 
to  animals,  but  because  they  belong  ex-  proper  office.  About  seven  in  the  mbm- 
clusively  to  this  division  of  living  beings,  mg,  the  stalk  erects  itself,*rid  thfe  flowers 
are  termed  ammal;  these  are,  sensation  rise  above  the  surface  of  the  water;  in 
and  voluntary  moUon.  tliis  state  their  continue  until  four  in  the 
Some  ingenious  men  have  incKned  to  aflemoon,  when  the  stalk  becomes  re- 
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laxed,  and  the  flowers  sink  and  close,  necessity  without  volition :  whence  the 
The  sensitive  plant  contracts  on  the  exercise  of  it  in  the  vegetable  cannot 
sliglitest  touch,  and  immediately  folds  possibly  prove  that  it  is  attended  in  this 
up  its  leaves.  The  flowers  of  a  great  tower  order  of  beings  with  the  posses- 
variety  of  plants  alter  their  direction  sion  of  consciousness.  But  that  the  ve- 
according  to  the  circumstances  in  which  getative  functions  are  performed  without 
they  are  placed.  A  hop-plant,  turning  eonsciousness,  we  have  a  still  more 
round  a  pole,  follows  the  course  of  the  striking  proof  in  ourselves :  for  man  ex- 
sun,  from  east  to  west,  and  even  dies  if  ercises  both  classes  of  functions,  the 
forced  into  an  opposite  line  of  motion,  vegetative  and  the  animal.  By  observ- 
Tlie  regular  movements  by  which  the  ing  wliat  passes  within  ourselves,  we  see 
Bun-flower  presents  its  splendid  disk  to  that  there  is  no  connexion  between 
the  sun,  have  been  the  subject  of  uni-  mere  vegetative  life  and  sensation  :  tlie 
versal  admiration,  both  in  ancient  and  latter  is  a  totally  distinct  and  higher  fa- 
modem  times : —  culty,  superadded  to  the  former.  We 
The  lofty  follower  of  the  sun.  *«^  conscious  that  we  live ;  we  are  not 

Sad  whec  heset*.  shnta  up  her  vcUow  learen,  COnSClOUS  of  the  Operation  Of  the  Vegeta- 

DrjopioK  all  night :  and  whea  he  warm  retnmf,  ^[y^  faCuHicS  by  which  WC  live.      Of  all 

Fotnta  her  enainoar'd  bosom  to  his  rar.  .,  f         i.*  i_    j.i_        i*  j.   • 

the  processes  bv  which  the  aliment  is 
The  lateral  leaflets  of  the  hedysarum  converted  into  blood,  and  the  blood  into 
gyrans  present  a  constant  alternation  of  the  proper  substance  of  the  body,  com- 
elevation  and  depression,  and  this  regu-  plicatecf  as  the  processes,  and  numerous 
lar  and  successive  movement  is  con-  and  incessant  as  the  motions  are  by 
ceived  to  be  oonnected  with  the  function  which  they  are  performed,  we  are  wholly 
of   respiration.    The  stamina   of  the  insensible.    There  can,  therefore,  be  no 
bfrher is  vulgaris t  and  of  several  other  reason  to  suppose  that  these  functions 
plants,  move  towards  the  stigma,  in  a  are    attehdea  with    consciousness    in 
manner  which  has'struck  every  obs(3rver  the  vegetable,  in  which  all  the  processes 
with  its  similarity  1o  spontaneous  mo-  arc  so  much  more  simple.  .  No  motions 
lion.  The  roots  of  plants  which  proceed  of  the  vegetable  indicate  spontaneity 
in  pursuit  of  proper  nourishment,-  and  more  strikingly  than  the  motions  by 
wliieh  ator  their  .course  the  moment  which  a  wound,  attended  with  the  loss  of 
f  hey  approach  a  situation  which  would  substance,  is  healed  in  the  animal  body. 
be  injurious  to  them,  afford  examples  In  this  process  new  fibres  are  formed, 
fvhich    still  more   strikingly  resemble  which  arrange  themselves,  not  only  as  if 
spontaneous    movements.     If    a  wet  they  were  animated  and  intelli^nt,  but 
M)on^e  be  placed  near  a  root  exposed  to  the  degree  of  wisdom  with  which  they 
Ihe  air,  the  root  will  direct  its  course  to  are  disposed  is  perfect :  yet  all  this  is 
the  sponge :  if  the  place  of  the  sponge  effected,  not  only  without  our  having  the 
be  chan^,  the  root  wUl  vary  its  dtrec-  least  knowledge  of  the  mode  in  which  it 
tion.  ^  The  clasiiers  of  briony  shoot  into  is  done,  but  even  without  ■  our  being 
a  spiral,   and  lay  hold  for  support  of  sensible  that  it  is  done  at  all. 
yvhatever  may  come  in  their  way.    If,        The  distinctions   we    have    endea- 
afler  completmg  a  spiral  of  three  or  four  voured  to  establish  between  animal  and 
lounds,  they  meet  with  nothing  to  sus-  vegetable  bodies  remain  therefore  un- 
lain  th^m,  they  set  out  afresh  in  search  subverted ;  but,  besides  these,  which 
of  support,  by  altering  their  course.  may  be  considered  as  primary,  there  are 
But,  curious  and  interesting  as  many  other  characters  by  which  they  are  dis- 
of  these  movements  are,  they  are  in-  tinguished,  which,  though  not  so  essen- 
adcquate  to  prove  tliat  vegetables  pos-  tial,  are  still  very  striking:, 
^ess  either  sensation,  that  IS,  sensation       Vegetables  in  general  are  separable 
attended  with  consciousness,  or  volun-  by  a  horizontal  line  into  two  parts,  one 
tary  motion.    They  are  referable  to  a  of  which  ascends  and  is  contained  in  the 
power  possessed  in  common  by  plants  air;  the  other  descends  and  is  contained 
and  animals,  namely,  the  power  of  cour  in  the  earth.    Animals  in  general  are 
tracting  on  the  application  of  a  stimulus,  separable  by  a  vertical  line  into  two  equal 
Contractilit v  is  truly  a  vital  power :  it  halves,  whence  their  body  is  said  to  be 
is  ]X>S8essed  only  by  an  organic  being;  symmetrica],  that  is,  divisible  by  a  me- 
lt is  possessed  in  common    by  l^th  dian  and  vertical  line  into  two  equal 
classes  of  organic  beings ;  but  it  is  con-  and  similar  lateral  portions.    Vegetables 
stantly  exercised,  even  in  the  animal,  consist  of  an  areolated  tissue  which  is 
without  consciousness,  and  therefore  of  often  Arm,  hard,  and  unyielding ;  oi 
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SRendinfC  and  dehcendin^  Testdi ;  of  ii  to  Qie  vegetable,  and  ill  ftbsMUng 

■piral  tubes ;  and  of  peeuliar  ruiifortn  Teisets  constitute  the  iateroal  roots  « 

bodiei  termed  dotten.    Aoimali  con-  the  animaL 

nit  of  at)  areolated  titsue,  nhioh  is  al-        A  lecond  modification,  equally  indi» 

ways  soft  Mid  elastic,  aod  wbioh  for  tha  pensable,   arises  oqI  of  the  iieoessily  of 

noRt  part,  at  leut  in  all  tbo  higher  ani-  conveying  (he  nutritive  mailer  la  dif- 

nuds,  IS  moulded  intovetsda  which  per-  fprentpartsofthebody.     A  considerable 

form  a  proper  oirculalion.    The  organs  force  is  required  to  propel  the  nutritive 

ef  vegetable!,  lew  and  simple,  are  placed  fluid  over  its  extended  surface.    For  the 

on  the  exterior  of  the  body :  the  organt  supply  of  Ihia  force  new  expedients  mual 

of  animals,  extremely  numerous,  oflen  be  adopted:  there  must  be  ncirculation  of 

wonderfully    complicated,    are    almost  Ihe  nulritive  fluid ;  for  this  purpose  ves- 

alwaysplaoedintheinteriorof Ihebody.  sets  must  be  furnished  to  contain  the 

Vegetables  consist  of  three  ultimateprin-  fluid,  and  an  engine  must  be  conslrueted 

•iple* only, namely,  carbota,  oxygen,  and  capable  of  generating  a  force  adequate 

hydrogeni  animals  comiit  of  four  uHl-  to  communicate  lo  it  the  requisite  im- 

mateprinciples,tuuiiely,carbon,oxygen,  pulse.    It  is  easy  to  see  that  a  commu- 

tnrdni^n,  and  aiotc    Home  few  vegeta-  nication  must  next  be  eslahlisbed  be- 

blei,  it  ia  true,  contain  a  minute  quan-  tween  Ihe  digestive  organ  and  the  vessels 

lity  of  aiote,  but  even  in  these  this  subi  which  carry  on  the  circulation.    And 

stance  is  confined  to  particular  parts  of  thus,  if  we  were  lo  trace  the  animal  or* 

the  plant,  and  does  not  enterasaoonsti-  ganization  to  ils  highest  stale  of  com- 

tuent  element  into  its  oompoaition.  ptexily,  we  should  perceive  that  that 

The  simplicity  of  the  itniclure  of  the  comiilexily  was  absoluldy  requisite  for 

yegelable  exhibits  a  striking  oontnat  to  the  due  exercise  of  the  liigher  faoultiee 

the  complexity  of  the  animal  Ofganiu-  with  which  these  higher  beings  are  en* 

tion;  yetnothing  isfpvea  to  theanimal  dowed. 

which  its  mode  of  Uh  does  not  abso-        The  matter  of  which  organic  bodiet 

lutely  require.     For  the  limple  functions  consist  is  precisely  the  same  as  that 

performed  by  the  v^tabla,  a  simple  which  is  found  in  the  inorganic:  It  is 

•fructure  is  sufficient;  for  the  compli-  not  a  dilference  In  the  nature  of  their 

caled  functions  exercised  by  the  animal,  component  particles,  Inil  a.  difTerenee  in 

complicated  organs  are   indispensable,  then-  arrangement,  that  constitutes  the 

Nature  is  never  prodigal  and  seldom  essential  distinction  between  those  two 

Cifuse.  The  addition  of  the  peculiar  great  classes :  the  very  name  of  orgenie 
ullies  of  the  animal  rendered  a  modi-  bodies  points  to  this  fact ;  for  they  are 
fication  of  the  common  or  vegetative  denominated  organic,  because  the  mat- 
faculties  absolutely  necessary— a  modi-  ter  of  which  they  consist  Is  invariably 
fication  which  could  not  be  effected  arran^  in  t  peculiar  manner  tenned 
without  increosing  the  complexity  of  Ihe  orgonuotion.  Dead,  or  inorganic  matter, 
mechanism.  The  vegeUble,  fixed  to  the  arranged  in  this  peculiar  manner,  and 
soil  which  contains  its  nourishment  by  modified  according  to  certain  unknown 
its  roots  which  absorb  that  nourishment,  laws,  becomesorganic:  what  Ihe  modifi- 
requires  no  special  organ  for  holding  cationisby  which  inorganic  is  converted 
and  accumulating  its  alimentary  mailer,  into  organic  matter  we  are  wholly  igno* 
The    animal,  not    being   fixed  to  the  rant. 

soil,  endo\Yed  with  the  power  of  loco-        It  has  been  staled  that  the  ullimaie 

motion,  consUntly  changing  and  delight-  elements  of  vegetable  bodies  arercducible 

ing  to  change  its  place,  must  transport  to  three,  namely,  oxygen,  hydrogen,  and 

with  itself  the  nourishment  necessary  carbon,  theformer  existing  in  agaseous. 

for  its  support.    Hence  the  necessity  of  and  the  latter  in  a  solid  state.    The  uJli- 

a  special  organ  for  containing  its  ah-  mateelementsof  animal  bodies  are  four, 

ment :  hence  the  necessity  at  modifying  namely,  oxygen,  hydrogen,  carbon,  and 

its  mode  of  nutrition.    That  modifica-  aiole.     In  the  animal  body  ai«  also 

lionis  made,  in  general,  by  furnishing  foundlhe  rbltowingelemenlary  oriimple 

theanimalwilhBnintemalcavily.wilhin  substances,  phoaphonis, calcium:  these 

which  it  deposits  the  substances  proper  are  found  in  very  considerable  quantity: 

forilsnourishmenl.     Inlhecoatswhich  sulphur,    iron,    manganese,     silicium, 

form  the  walls  of  Ihis  cavity  are  placed  iodine,  chlorine :  these  exist  in  minute 

the  orifices  of  vessels  which  absorb  ihe  quantities:  and  to  this  list  it  may,  per- 

autjient  particles.    This  cavity,  with  ila  haps,  he  proper  to  add  caloric.  lictal,  tba 

Mutesls,  if  to  Uu  wiiaHl  wlut  tiw  tiHV  iMmtiAWwjguitiftfiSfab. 
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Havinfl^  premised  these  fundamental 
observations  relative  to  the  nature,  the 
properties,  and  the  distinctions  of  in- 
or8:anic  bodies,  and  of  vegetable  and 
animal  beings,  we  proceed  to  give  a  more 
particular  account  of  the  structure  and 
functions  of  the  animal  body. 

If  we  examine  an  animal  high  in  the 
scale  of  organization,  we  are  struck 
with  the  variety  of  its  component  parts 
and  with  the  complexity  of  their  struc- 
ture. By  analytical  investigation,  it  is 
ascertained  that  these  parts,  various  and 
complex  as  they  appear,  consist  only  of 
the  elementary  bodies  which  have  been 
just  enumerated,  and  which  are  called 
elementary,  because  they  are  not  capa- 
ble of  reduction,  by  any  known  process, 
into  substances  that  are  more  simple. 
These  inorganic  substances  combine 
together  in  different  numbers  and  dif* 
ferent  proportions,  under  the  unknown 
circumstances  which  constitute  the  con- 
dition of  hfe,  and  thus  form  all  existing 
Yarieties  of  organic  matter. 

By  synthetical  investigation,  it  is 
ascertained  that  some  of  these  elements 
combine  together  indefinite  proportions, 
namely,  three  and  three,  four  and  four, 
and  so  on :  the  result  of  such  combina- 
tions is  the  formation  of  what  are  termed 
the  Proximate  Principles  of  animals.  A 
proximate  principle  is  the  primary  com- 
binatk)n  of  two  or  more  of  the  elemen- 
tary substances  in  definite  proportions. 
Of  these  the  chief  are  albumen,  fibrin, 
gelatin,  mucus,  casein,  olein,  urea,  urio 
acid,  osmazome,  &c 

The  component  substances  of  the 
animal  body  are  invariably  disposed  in 
two  forms — fluids  and  solids.  The  fluids 
are  contained  in  the  solids:  both  are 
mutually  dependent;  both  possess  an 
analogous  composition ;  both  are  in  con- 
tinual motion  and  pass  without  ceasing 
from  the  one  into  the  other.  Every  animal 
consists  of  a  union  of  both ;  tliat  union 
is  indispensable  to  animal  life. 

Of  the  Animal  Fluids. 

The  absolute  quantity  of  the  fluids 
contain^  in  the  animal  body  it  is  difficult 
to  ascertain,  because  it  vanes  according 
to  varying  circumstances,  and  in  the 
same  animal  is  different  at  different 
periods  of  life,  and  according  to  the  state 
of  heflJth  and  of  disease.  Invariably 
the  younger  the  animal  the  greater  the 
quantity  of  the  fluids.  The  embryo  of 
all  animals  when  it  first  becomes  appre- 
ciable \3j  the  BeBBw,   Bppwn  to  b« 


almost  entirely  fluid.  As  it  grows  and 
is  developed,  solid  parts  are  gradually 
added.  The  quantity  of  the  fluids  suc- 
cessively diminishes  until  the  animal 
arrives  at  mature  age. 

Many  experiments  have  been  made  to 
ascertain  the  relative  proportion  of  the 
fluids  to  the  solids  in  the  human  body« 
Chassier  placed  a  dead  body,  weighing 
120  lbs.,  in  a  heated  oven :  after  desic- 
cation for  several  days  he  found  the 
weight  reduced  to  1 2  lbs.  In  mummies, 
in  which  the  abstraction  of  the  fluids  is 
complete,  there  is  always  found  a  re- 
markable diminution  of  weight,  some  of 
them  not  weighing  more  than  71bs« 
The  proportion  of  the  fluids  to  the  solids 
at  the  adult  age  in  man  is  estimated, 
according  to  the  lowest  computation,  as 
6  to  1,  and  according  to  the  highest,  at 
lOtol. 

The  fluids  differ  greatly  in  their  den- 
sity. Some  exist  in  the  state  of  gas : 
otners  in  the  state  of  vapour :  some  are 
extremely  thin  and  transparent,  as  that 
of  the  serous  membranes,  or  the  mem- 
branes which  line  the  great  cavities  of 
the  body,  as  the  thorax  and  abdomen : 
others  possess  considerable  consistence, 
as  some  of  those  secreted  by  the  mucous 
membrane— the  membrane,  for  exam- 
ple, that  lines  the  air- passages.  Some 
exist  in  exceedingly  minute  quantity,  as 
the  delicate  fluid  contained  in  the  inter- 
nal organ  of  hearing:  others  form  a 
large  part  of  the  biilk  of  the  body,  as 
the  blood.  Some  are  intimately  com- 
bined with  the  animal  solid  ;  others  are 
contained  in  minute,  delicate,  solid  areo- 
lae: some  are  poured  out  on  the  sur- 
face of  solids,  particularly  of  mem- 
branes ;  others  are  contained  in  mem- 
branous bags  or  reservoirs,  and  a  great 
number  are  contained  in  distinct  vessels4 

They  are  composed  for  the  most  part 
of  water,  in  which  the  various  compo- 
nent substances  of  the  body  are  held  in 
solution.  It  is  a  very  curious  fact,  that 
many  of  them  consist  of  masses  of  glo- 
bules. These  globules  can  in  general 
be  seen  only  by  the  microscope.  They 
were  discovered^  almost  as  soon  as  the 
microscope  was  invented,  but  the  obser- 
vation was  very  generally  neglected  until 
recently.  For  reasons  which  can  scarcely 
be  explained  at  present,  the  fact  is  found 
to  possess  great  interest  and  iniportance ; 
and,  at  this  very  time,  some  of  the  most 
intelligent  and  skilful  physiologists  are 
enga^d  in  investigating  the  subject,  so 
that  it  is  pTobabW  VVvaX.  \saxv>)  >\\\\i^^ 
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^1,  will  soon  he  determmeri.  These  rIo-  hwly,  in  consequence  ofiis  being  in- 
bules  are  found  principiOly  in  the  niiiri-  dowed  wilh  the  properly  of  lifei  TTie 
live  flnids,  namdy.  the  chyrae,  Ihc  chyle,  blood  may  be  shot  dead  instantaneouil^, 
llie  lymph,  the  blood,  and.  in  some  of  M  it  is  by  a  stroke  of  lightning.  It  u 
the  secreted  fluids,  as  milk,  pu^,  and  bIso  subject  to  manifest  disease,  as  is 
so  on.  strikingly  exemplified  in  certain  casies  of 

The  properties  otthc  fluids  are  either  poison,  in  cei-tain  kinds  of  fever,  and 
pbysical,  chemii^,  or  vital.  There  wbnld  in  the  remarkable  disease  termed  sciuVy; 
be  no  ulilily  in  exhibiting  a  collective  butriolHinginthe  alightestdef{reeaoiite. 
view  of  these  physical  prDpeTties:itwill  Mus  to  the  phenomena  of  disease  caa 
be  belter  to  consider  each  separately,  be  exhibited  by  any  body  which  is  not 
when  the  more  important    fluids  are    endowed  with  hfe. 

ttvatedof  in  detail.  Their  chemical  pro-  The  fluids  have  been  differently  ar- 
perttes  are  very  important.  All  the  ranged,  from  time  to  lime,  according  to 
great  aclions  of  life  are  intimately  con-  the  ditferent  doctrines  which  have  suc- 
iiected  with  them.  Their  influence  over  cesMvcly  prevailed  in  the  schools.  The 
■11  the  processes  which  are  constanlly  ancients  conceived  that  there  were  four 
^oing  on  in  the  economy  is  so  grent,  that  elements,  out  of  which  every  substanM, 
if  the  body  may  be  called  a  machine,  at,  inorganic  and  organic,'was  formed. '  la 
fr«m  the  admirable  adjustment  of  its  conformity  with  this  notion,  thej' divided 
variniu  parls,  it  mny  be  termed  with  the  fluids  of  the  animal  body  mto  four 
■tri  king  appropriateness,  it  riiay  at  least  principal  humors;  namely,  the  blood, 
wi|h' eijuaJ  truth  be  denominated  a  la-  the  lymph  or  pituita,  the  yellow  bile,  and 
boratory,  in  which, (he  most  important  the  black  bile.  While  it  is  difficult  to 
■nil  extensive  chemical  actions  are  form  a  perfect  arrangement,physiologisti 
taking  place  ev«r)' instant.  In  general  have  suggested  different  principles  as  Ihe 
the  chemical  composition  of  the  fluids  basis  of  division,  i.  Some  have  proposed 
ii  the  same  as  that  of  the  solids  :  both  to  found  it  on  the  use  which  the  'fluida 
conlun  the  same  proximate  principles —  serve  in  the  economy.  According  ti\ 
albumen,  gelatin,  fibrin,  and  so  on ;  and  this  principle,'  the  fluids  have  been  (H< 
hi  the  living  body  there  is  a  continual  vided  into  priranjy  and  secondary.  Tlie 
transformation  of  fluids  into  solids,  and  primary  arelhealimentary,  ortherecrc- 
ot  solids  into  fluids.  AVhntevei-  may  be  mentitious ;  these  include  the  fluids, 
the  case  with  the  other  fluids,  the  blood     which  conduce  to  the  nutriment  of  the 

at  least  exhibits  phenomena  which  are  body.  The  secondary,  or  the  excremen- 

perfectly  analcwous  to  those  of  the  living  titious,  comprehend  those  wKidi  are'se- 

aolid.    Ifblood  be  taken  n-dmkn  artery  cretcd.  in  order  to  be  carried  out  of  the 

or  vein,  and  kept  at  rest  at  the  same  body  ;  that  is,  in  order  to  remove  fhlm 

temperature  which  it  possesses  in 'the  the  system  pi^nciples  n'hich  are  either 

livingbody,  after acertain  time  it  under-  useless    or   noxious,    ii.  Others^  htfve 

g;oes  the  process  of  coagulation;  that'ts,  proposed  to  class  the  fluids  acconhi^ 

It  separates  into  several  distinct  portions,  to  tnnrmoite  of  formation.'  Hence  they 

aome    of   which   are  fluid  and  some  divide,  them   into — I.  Chyme,  Chyle; 

■olid  :  it  is  now  no  longer  a  fluid  sub-  2.  Lymph  ;  3.  Ulood ;  4.  fluids  of  per- 

(tance ;  it  dies ;  and  this  change  intd  a  n)iration;  and  exhalation  ;  5.  Follicular 

substance  partly  fluid  and  partly  solid,  fluids;  o.  Glandular  secretions. — iii.  A 

takes  place,  if  is  conceived,  subsequently  third  suggestion  is  to  divide  them  into 

to  its  death,  and  in  consequence  of  its  four  great  classes:  namely,   1.  Those 

death,    because,   as    lon^   a^   it    cuiili-  which  form  the   blood;    2.  The  blood 

nues  to  be  a  living  fluid  in  a  living  ves-  ilself ;  3,  Those  which  ate  formed  from 

■et,  it  preserves  its  fluidity.    Nordoesil  the  blood;'  4.  Thosewhich  ai^'retumed 

owe  theBiaintenance'ofit.ifluiditytoils  to  the  blood  from  all  the  parts 'of  the 

circulation ;  to  mere  nlotion  at  a  given  body.    This  Urangeitient  is  aim[rie  and 

temperature:  for  experiments  have  been  comprehensive,,  but  perhaps  the  most 

STtormed,  in  which  the  eircniation  of  convfAient  i^  that  which  is  founded-  on 

e  blood  ha*  been  imitated  in  artifieial  the  chemical  composition  of  the  fluids. 

tubes,  kept  at  the  natural  temperature  iv.  According  to  this  principle,  the  fluids 

of  ihc  blood;  but,  even  under  these  cir-  are  arranged- into  the  eight  following 

cunistances,  this  fluid  Has  always  coa-  classes:— 1.  Thelaqueous;  a.Thealbu- 

guliited,  just  as  if  ittvere  io  a  slate  of  minous;  3.  Them,ucous;  4.Tlie  gelali- 

pcrfect  resit  the  inference  is,  tliat  the  nous;  5.  The  fibrinous;  6.  TheiSe^- 

Uood  maiDtabs  its  fluidity  in  Uic  living  qqui  ;  7,  The  res^iu  j  e.  The  sftliuc. 
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The  advantages  of  this  classification  are, 
first,  that  for  every  fluid  an  appropriate 
place  is  readily  found ;  and,  secondl;^, 
that  as  all  the  fluids  are  secretions,  this 
arrangement  will  prove  useful  in  treat- 
ing of  the  function  of  secretion,  and  in 
enabliuj^  us  to  exhibit  a  comprehensive 
view  of  the  products  formed  by  that 
process. 

Of  the  Animal  Solids, 

Tlie  solid  parts  of  the  animal  body  are 
derived  from  the  fluids.  They  are  formed 
out  of  them  by  a  peculiar  process,  here- 
after to  be  described,  termed  secretion. 
After  the  solids  are  once  formed,  they 
depend  for  their  inte^ity  upon  a  conti- 
nual supply  of  the  fluids. 

In  the  human  body,  the  proportion  of 
the  solids  to  the  fluids  has  been  already 
stated  to  be  about  one  part  in  nine  or 
ten.  The  solids  are  composed  of  the 
same  physical  substances  as  the  fluids ; 
are  reducible  by  analysis  to  the  same 
chemicfd  elements,  and  form,  by  the 
primary  combination  of  these  elements, 
the  same  proximate  princi^)les. 

£very  animal  solid  is  either  concrete 
or  fibrous :  that  is,  it  is  either  without 
arrangement,  like  jelly  or  glue,  or  it  is 
disposed  in  the  form  of  minute  threads, 
iwhich  are  termed  fibries.  When  arranged 
in  different  structures,  these  fibres  either 
retain^  the  form  of  threads,  or  are  dis- 
posed in  minute  plates  or  laminee :  hence, 
"whatever  animal  structure  be  examined, 
it  is  found  to  be  either  fibrous  or  lami- 
nous. 

In  com\)ining  to  form  the  different 
animal  structures,  the  solid  parts  are 
disposed  in  a  g^eat  variety  of  modes. 
Of  these,  the  chief  are  into  filaments, 
fibres,  tissues,  organs,  apparatus,  and 
systems. 

The  filament  is  the  elementary  solid. 
A  fibre  consists  of  a  numl)er  of  fila- 
ments united  together.  A  tissue  is  com- 
posed of  fibres,  arranged  in  a  particular 
order.  An  organ  is  a  compound  body, 
consisting  of  a  specific  arrangement  of 
different  tissues.  The  most  simjple  organ 
is  always  a  very  compound  bcxiy.  If  we 
examine  a  muscle,  for  example,  we  find 
that  it  consists  first  of  the  muscular 
fibre  ;  then  of  a  distinct  envelop,  formed 
of  a  particular  tissue,  the  cellular,  and 
next  of  a  peculiar  substance  termed 
tendon.  In  like  manner  a  nerve  con- 
sists of  a  substarce  of  a  i)eculiar  nature, 
constituting  the  nervous  matter,  which 
IS  always  inclosed  in  a  distinct  mem- 
ji^rane,  termed  the  neurilema,  Tt^  most 


simple  gland  consists  of  a  congeries  of 
many  different  vessels,  unitejd  by  cellu- 
lar tissue.  The  eye,  the  ear,  the  viscera, 
are  exceedingly  complicated  organs, 
consisting  of  many  different  tissues, 
arranged  in  many  different  modes.  Evety 
organ  performs  a  specific  actipn,  or 
exercises,  as  it  is  termed,  a  particiilar 
function.  Life  is  always  observed  in 
connexion  with  the  exercise  of  these 
functions :  hence  the  organs  are  termed 
the  instruments  of  life. 

An  apparatus  is  an  assemblage  of 
different  or^ns,  all  of  which  concur  to 
the  production  of  some  definite  object. 
The  apparatus  of  digestion,  for  example, 
consists  of  the  organs  of  mastication,  of 
the  organs  of  deglutition,  of  the  stomach, 
of  the  duodenum,  of  the  pancreas,  of 
the  liver,  of  the  lacteal  and  absorbent 
vessels,  and  of  the  glands  connected  with 
these  vessels,  to  which  ought  in  strict- 
ness to  be  added  the  lungs.  Numerous 
and  different  as  these  organs  are,  varied 
and  even  opposite  as  is  their  action,  yet 
they  all  concur  to  one  end,  namely,  the 
formation  of  blood.  The  organs  which 
compose  an  apparatus,  indivfdunlly  con- 
sidered, may  be  exceedingly  different  in 
their  structure  and  function.  They  may 
have  nothing  similar  in  organization ; 
the  products  of  their  action  may  be  of 
opposite  natures;  but  they  are  asso- 
ciated together  in  one  clasj»;.on  account 
of  their  conjoint  operation  in  tl^e  pro- 
duction of  some  comihonend.  *  ^ 

A  system,  onMhe.  contraiy,  is^'ah 
assemblage  of  orgaosr;  all  of  which' pos- 
sess . the  same, .  or  Un '  analogous  struc- 
ture.. !  Thus  all  the  bones  of  the  body, 
however  different  in  figure,  in :  nmgm- 
tud^,'  in  disposition,  haVe  orie  common 
structure:  :nence!they  are  all  associated 
in  one  great  class,*  Which  .'is  termed  the 
osseous  syst^nr.  In  like,  tnanner, 
whatever  be  the. form;  disposition,  or 
action,  of  the  ditferent  muscles,  they  aU 
possess  one  common  structure,  and 
therefore  are  arranged  into  one  class, 
termed  the  muscular  system.  For  the 
same  reason,  all  the  vessels  of  the  body 
are  classed  together  under  the  name  of 
the  vascular  system ;  all  the  ligaments 
under  the  name  of  the  ligamentous  sys- 
tem, all  the  nerves  under  that  of  the 
nervous  system,  and  so  on. 

Some  of  these  tissues  are  so  exten- 
sive, aK  found  in  so  many  pt^rts  of  the 
body,  and  enter  in  so  large  a  proportion 
into  the  composition  of  all  the  different 
organs,  that  they  are  distinguished  ^ 
the  appeUatiqn  of  eommoii   Thus  pby* 
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ntAogUtt  nnk  of  the  eeinriian  cellulu-  matter,  and  llie  fal ;  were  it  possible  at 
tissue,  of  tlie  common  Integumenti,  or  the  sBme  time  to  empty  the  vessch  and 
the  common  damoid  tinne,  or  ilan,  to  evaporate  the  Huids,  Ihe  body  would 
and  10  on.  remain  nearly  of  tliu  same  size,  and  Ik 

Taking  this  view  of  the  animul  body,  sustained  nearly  of  the  same  form  by 
«hicli  is  a  truly  physiologiciU  vie\y,  we  means  of  this  substance  alone.  It  may, 
may  aay,  that,  eneepling  in  the  very  therefore,  Ije  considered  as  the  basis  to 
lowest  animals  which  appear  to  consist  which  all  the  other  [inrts  of  the  body  are 
of  a  homogeneous  substance  similar  atlached ;  as  tlie  mould  into  which  itll 
to  jelly,  i(  may  be  considered  as  an  ag-  the  other  kinds  of  malter  sre  deposited. 
(Cregate  formed  oF  a  numljer  of  organs ;  When  examined  with  the  naked  eye, 
that  each  organ  is  itself  composed  of  a  and  gently  distended,  this  substance  is 
variety  of  tissues,  and  that  each  tissue  found  to  he  composed  of  fibres  or 
a  more  or  less  common  to  all  the  organs,  threads  ot  extreme  delicacy,  iiner  than 
Varied  and  almost  innumerable  as  the  the  finest  cobweb.  These  fibres  inter- 
different  solids  at  first  view  appear  in  sect  each  other  in  all  directions,  so  as 
the  higher  animals,  as  in  man,  yet,  when  to  leave  between  them  minute  spaces 
Btfenlively  examined,  it  is  found  that  which  are  termed  areolie,  or  cells. 
they  may  be  all  included  in  the  follow-    fFig.  i.J 

ing  substances,  namely,  bones,  with  their  It  is  from  this  cellular  appearance 
cartilages  and  ligaments,  which  may  be  that  the  lissuederives  its  name.  Butlhi^ 
considered  as  appendages  to  the  bones ;  oellular  arrangement  disappears  immedi- 
muscles  with  their  tendons ;  membranes  ately  when  the  distension  is  discontinued, 
of  various  descriptions;  sacsof  dilferent  Without  mechanical  distension  tliere  is 
structures;  vessels  of  diSbrent  kinds,  no  appearance  of  cells  either  in  the  living 
and  nervous  mailer.  There  is  no  solid  or  the  dead  body.  The  filwe  ilsdf  is 
of  the  body  which  may  not  be  corapre-  solid.  It  was  to  demonstrate  this,  b 
hended  under  one  or  other  of  these  sub-  opposition  to  the  opinion  of  Hoerhaave, 
stances.  And  these  substances  again,  who  conceived  that  the  ultimate  fit-re  is 
widely  different  as  they  appear  both  in  a  vessel,  that  Haller  engaged  in  those 
romposilion  and  structure,  may  all  be  laborious  inves.tigntion'*  which  ha\i' 
leduced  by  careful  andaecurate  analysis  mnde  anntorai=ls  nnJ  jitiysioNi^'i^li  ^o 
1o  fiu-ee,  namely,  'he  Cellular,  the  Mus-  intimately  acquainted  with  the  stmetore 
cular,  and  the  Nervous  Tiuuei.  and  distribution  of  this  substance.    The 

1      Of  the  Cptlular  Tittup  '""'*  **'  **  researches  of  this  celebrated 

1.    O/m  Cellular  Ttuue.  physiologist  wastheestabhshment  of  the 

Of  all  the  animal  solids  the  cellular  fact,  that  the  basis  of  the  animal  frame 
tissue  is  the  most  simple  in  structure,  is  a  solid  fibre  to  which  the  vessels  are 
the  most  abundant  in  quantity,  and  added  as  distinct  appendages. 
Ihe  most  extensively  difiHised.  It  enters  Of  the  cellular  tissue  are  composed— 
as  a  constituent  element  into  every  1. membrane;  9.  bones;  3.  Ihe  sheaths 
other  solid.  It  composes  the  main  bulk  which  inclose  the  mor«  tender  and  deli- 
of  bones;  the  strength, and  hardness  of  eate  structures ;  4.  the  substance  by 
these  firm  and  solid  bodies  depending  on  which  the  different  parts  of  the  body  are 
an  earthy  matter  deposited  in  cells  formed  united  tc^ther  ;  S.  the  substance  by 
of  cellular  tissue.  It  affords  an  external  which  the  interstices  between  the  dif- 
sheath  to  every  muscle ;  it  is  interposed  ferent  parts  are  filled  up.  Of  all  these 
between  every  fibre,  of  which  every  sulntanees,  by  fcr  the  most  extensive 
muscle  consists ;  it  incloses  in  a  distinct  and  important  is  meratwane.  The  great 
envelop  every  nervous  fibre ;  it  com-  bulkoflheanimalaolkisconsistsof mem- 
poses  almost  the  entire  bulk  of  tendon,  brwie,  that  is,  of  cellular  tissue  arranged 
ligament,  and  cartilage;  it  enters  largely  in  the  form  of  membrane.  l.MemhrHiie 
into  the  composition  of  hair,  nails,  and  forms  the  general  covering  of  the  body, 
otheraimiiarparts  connected  with  the  sur-  lining  every  part,  both  of  its  external 
face  of  the  body.  Theenameloftheteeth  and  internal  surfaces.  2.  It  affords  a 
issaidtobetheonlysolidmwhichitcan-  particular  covering  for  its  individual 
not  be  detected.  It  unites  together  al!  structures.  3.  It  lines  all  the  cavities  in 
the  different  parts  of  the  body ;  it  fills  which  the  principal  organs  are  situated, 
up  all  the  mtervala  between  them.  Were  4.  It  composes  the  principal  part  of  all 
it  possible  to  remove  from  Ihe  bones  vessels.  6.  It  forma  what  is  termed  the 
their  earthy  particles,  and  from  the  soil  parenchyma,  or  the  solid  part  of  all  the 
parta  the  muaoular  ftlves,  tlw  nervoua   Tiwera.    6,  It  ooDftttutei  the  mun  bulk 
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of  all  ii^Bn^,  whether  those  which  are 
appropriated  to  the  office  of  ucretion, 
or  those  which  are  attached  to  the  at)- 
■wbcnt  system. 

Membranes  are  divided  into  diflereni 
kinds,  each  of  which  performs  distinct 
and  appropriate  offices  in  the  economy. 
I,  Serous  membranes ;  those  whitm 
compriie  alk  Ihe  sacs  or  shut  cavities 
of  the  body,  such  as  those  of  tite  chest 
and  abdomen.  3.  Mucous  membranes; 
those  which  lioe  all  the  air-passages ; 
compose  all  the  air-cells  of  the  lungs; 
invent  the  whole  track  of  the  alimentary 
canal  from  the  mouth  to  the  anus,  and 
thus  [orm  a  principal  part  of  ttie  extenr 
me  and  imi>ortant  organs  of  respiration, 
dii^slion,  and  excretion.  3.  Fibrous 
membranes  ;  those  which  compose  ten- 
don, aponeurosis,  ligament,  and  so  on. 
However  widely  many  of  these  sut>- 
stances  differ  from  each  other  in  their 
general  aspect  and  even  in  their  intimate 
itnicture,  yet  that  they  are  all  modifi- 
cations of  cellular  tissue,  the  evidence 
is  so  complete,  that  few  anatomists  or 
physiologists  of  the  present  day  dispute 
It ;  and  recent  investigations  have  elicited 
new  facts  which  dirratly  prove  the  cor- 
rectnesa  of  the  opinion. 

a.  0/  Ihe  Miueuiar  Tutue, 
The  second  tissue,  which,  on  an  ana- 
lyiis  of  the  animal  solid,  is  found  to  enter 
into  ttie  composition  of  the  body,  is  the 
muscular.  This  tissue  consists  of  a  sub- 
stance of  a  peculiar  nature,  which  is 
arranged  in  the  form  of  fibres  of  ex- 
treme delicacy.  When  examined  by 
the  naked  eye,  and  taken  in  its  most 
recent  state  from'  the  dead  body,  these 
fit)res  appear  soft,  reddish  coloured, 
solid,  of  various  diameter,  placed  parallel 
and  close  to  each  other  (fig.  3J. 
Fig.  3. 


The  musular  tissue  is  arranged  in  two 

difTerent  modes;  first,  in  the  masses 
properly  termed  mnscles,  snd,  secondly, 
in  a  thin  membrane-like  ex  pans)  on  ,de  no- 
minated muscular  coats.  Proper  muscles 
are  composed  of  filaments  (Jig.  hj  :  the 
aggregation  of  a  number  of  filaments 
forms  what  is  termed  a  fibre  (Jig.  3J  : 
fibres  are  collected  into  small  bundles 
which  are  called  fasciculi  (jSg.  4J. 
Pig.*. 


Prochaska,  who  has  emploved  incredi- 
ble labour  in  investigating  the  mechani- 
cal arrangement  of  the  muscular  fibres, 
and  whose  account  is  the  most  exact, 
maintuns  in  the  most  posihve  manner, 
that  the  ultimate  filament  is  discernible, 
and  th^t  it  is  always  and  everywhere  of 
the  same  magnitude.  He  computes  its 
size  to  be  about  1-SOth  part  of  the  dia- 
meter of  the  red  globule  of  the  blood. 
Fig.  5  represents  two  ultimate  fila- 
Fig.i. 


ments;.^. 3  represents  a  number  of 
filaments  united  together  to  form  a 
fibre;  Jtg.  4  represents  numerous  fibres 
united  together;  the  whole  forming  a 
fasciculus. 

Other  anatomists  maintain  that  it  is 
only  the  imperfection  of  our  senses  and 
instruments  which  leads  us  (o  imagine 
we  can  perceive  an  ultimate  filament. 
They  suppose  that  the  division  of  the 
filament  does  not  stop  where  it  seems  to 
us  to  terminate,  and  that  if  our  vision 
were  improved,  we  should  see  that  it  still 
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5M9  on  divkJing  and  mbdividing  in-  3.  0/lhe  Nervou*  Tittue. 
eflnitelv.  The  third  tissue,  into  nhich  the  mninul 
Theullimateflkiiwnt,  uliTuhuyet  solid  is  resolvable,  is  the  nervous.  Th« 
been  obMrved,  ii  d«rtilute  of  >nv  cellu-  nervous  tissue  con^ts  of  two  sub- 
Iftrcovering:  but  cvcty  fibre  ii  mcloaed  stances,  which,  as  far  as  the  eye  oin 
in  a  distinct  cdlvlar  iheath  Qlg.iJ:  distinipiish,  appear  to  be  entirely  dL»- 
tinct  from  each  other.  The  o~  ' 


Fig.  6. 


tlwahM  MT*nl  bf  Iki  ibnlk : 


times  named,  from  ils  colour,  cineritious 
or  grey;  from  its  position,  coHieal; 
and,  from  its  consistence,  pidpy  or  gela- 
tinous. This  last  is  its  most  impor- 
twrt  character.  It  appears  to  be  com- 
poaed,  for  the  mostpvt,  of  a  congeries 
of  Uood  vessels.  The  other  sutntance 
is  termed  while  or  medullary.  II  is  of 
firmer  consistence  than  the  jnilpy.  The 
peculiar  matter  of  which  it' is  composed 
u  arranged  in  the  form  of  minute  and 
delicate  fibres.  In  every  pari  of  (he 
nervous  system  which  constitutes  a  dis- 
tinct nervous  qjparatus,  both  sulMtances 


■re  conjwied.    Neither  the  pulpy  r 
thefitwous  alone  farms  a  diatJDctoi^Bn: 


V  AeSU»wiIktk«ik 

every  fasoculus  is  also  inclDsed  in  its    ,.  _  ,„. ,  i^.  .   „„__ , ;; .. 


muide  ilMlfiiinveited  wilh  ft«ei)«rate    . ;„   > „.  • 

cDulircoitnliidico.niltcSoiiiiMdf  '"^STsL.SS^. 

iHCTnjpoiiil,  ni«pliiigi>hmitt»i>S  Wh..lh.nmm« 
are  itt&chd  to  the  Doftea.                   ' 
Hie  muiculu  fltiK,  wtiieh  u«  dbr 


When  tiK  nerrmn  nttemfintbtgiill 
tob,.Bppu«at  iotheuiHfr  uiinuli,  it 
eoiHiitaonljrof  iniBUte  and  ezOMdingly 

mJ.oalu-  coal.,  .ppeiu-  to  Ihi  .«  lo  h«  '"'«■»"  »  ^"P^  '"J^  *«™>1 

very  difennl  trim  proper  mui.  but  »"'"••  '°™"S  '"'  i^-nM  P""  "f 

lh,yo«y,  or  .1  leMlSirily,  differ  in  "■'T'.  ''•»el)'..°T"'  '"'ii^  '"^, 

Ihe  meeh,nie.1  arru.sem.1,1  of  tl^ir  l*"?'*'", '."/V'":"'"  »,'S;''.0''«  "f  ? 

ilbre!;lhen.lnreoflx.Thiipr<oi«lythe  eord.  and  Ihe  b,«n.  Of  th.  three  l.t^n 

..me.     Their  hbres.  io.leid  of  fieing  "K"""'  "^  ,"f   ""»'?   P"''e"l" 

colleeled  into  f.rcic.ili,  ere  dl.ponl  lo  «™»Kenieiil.  of  the  oommon  nu.  of 

kyem.  end  io.leed  of  being  perillellhey  "•"""J  "'"'Ii''  "«  '''■"  "P't''  ?'°" 

inl.rl.ee  ()!».  7.  a)  ;  .nd  lieeoUing  \i  Peri.enl.rl,  ohen  m  Ire.l  of  the  tnne- 

Pioehuln  Srcn  ane«lomOK,    Ih.t  ...  tons  of  the  nervon.  sy.lem  the  pUn  lo 

join  eidi  Other  by  a  noion  of  nibatanee  K*f«"«'  ">  .""f  P.pw.l^niS  lo  pre- 

(He  7  i)  *        account  of  every  function  wilh 

■^^'    '   '■  a  deacriplion  of  its  apparatus. 

Pig.  7.  A  nerve  is  a  cord  of  a  white  coknir 
{Jig-  s,b).    It  ik  composed  of  fibres  of 
Fig.  8. 


.  a,  srklek  r.pfmM.  Ik.  ..mk  .f  Ik. 
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nervons  matter  {flg.  9).  Thrse  fibres,  goes  on  prosressively  (o  divide  and  sub- 
ai  soon  as  they  become  visible  lo  the  divide,  until  its  branches  iKCome  so  mi- 
nute as  to  be  invisible ;  or,  on  the  otlier 
hand,  that  they  arise  by  numerous  and 
invisible  branches,  which  unite  to  form 
larjfer  and  larger  vessels,  until theyulti. 
mately  constitute  only  a  fevr  trunki. 
The  muscular  and  nervous  filaments 
.never  divide  and  aubdivide  in  (his  man- 
ner. It  is  the  opinion  of  the  most  emi- 
nent anatomists,  that  there  is  a  diameter 
beyond  which  they  no  longer  diminish. 
That  diameter  they  maintain  is  quite 
uniform  in  each.  According  to  Fon- 
lana,  the  idtimate  nervoui  filament  ii 
about  twelve  limes  larger  than  the  ulti- 
mate muscular  filament.  Tliis  accurate 
observer  represents  the  primitive  ner- 
vous filaments  as  placed  close  and  pa- 
rallel to  each  other,  similar  to  those  of 
the  muscles  (fig.  Ii  by :  and  with  his  ac- 
count, in  general,  the  descriptions  of 
Prochaaka,  Monroe,  and  the  more 
recent  dissections  of  Keil,  agree  in 
every  important  particular.  Reil  is 
quite  positive  in  stating  that  the 
ultimate  nervous  filament  is  visible. 
Probably  the  more  correct  statement  ii, 
that  there  is  a  filament  of  a  certain  dia- 
meter, tieyond  which  no  means  hitherto 
employed  liave  succeeded  in  tracing  iti 
subdivisions.  Reil  agrees  with  Fontana 
in  representing  the  ultimate  nervous  fila- 
ment as  much  larger  than  the  mua- 
cular. 

Of  the  Eietneniary  Structure  of  tiu 
Animal  Solidt. 
Hitherto  we  have  described  the  struc- 
tnre  of  the  primitive  tissues  only  as  far 
as  they  are  visible  to  the  naked  eye. 
Thusfar  the  agreement  in  all  the  essen- 
tial points,  in  the  descriptions  of  the 
most  able  observers  in  all  afes  and 
countries,  is  truly  remarkable.  The 
study  of  the  elementary  structure  of 
these  tissues  opens  a  vast  field  of  in- 
quiry of  great  interest  and  importance, 
in  which  the  labourers  have  hitherto 
been  comparatively  few ;  and  their  re- 
searches, made  at  distant  intervals, 
and  neither  repeated  so  often  nor  car- 
ried so  far  as  is  requisite  to  ascertain  the 
truth,  have  been  attended  with  less  satis- 
factory results.  Investigations  of  this 
nature  are  attended  indeed  with  pecu- 
har  difficulty.  They  require  unwearied 
peneverance,  extreme  accuracy,  ereat 
patience,  and  a  dexterity  with  ihe  hand 
unileid  nitli  a  delicate  discrimination  of 
the  eye,  that  belong  to  few,  and  the  re- 
quisite use  of  which  rare  endowments 


naked  eye,  are  perc«ved  todiffer  in  size 
from  that  of  a  hair  to  the  fines)  fibre  of 
lilk.  These  filires  unite  into  bundles, 
which,  as  in  muscle,  are  called  fasciculi. 
The  fasciculi  unitin^i  form  the  cord  to 
which  the  name  of  nerve  is  given.  As 
in  the  muscle,  Ihe  ultimate  filament 
appears  to  be  destitute  of  any  cellular 
covering:  but  ever^ fibre  is  inclosed  in 
a  distinct  sheath,  of'^exceedingly  delicate 
cellular  tissue.  InUke  manner,  every 
fasciculus  is  enveloped  in  a  similar 
sheath;  and,  lastly,  the  cord  itself  is 
inclosed  in  its  own  cellular  envelop 
(fig.  6  a.  a).  The  cellular  covering  of 
Ihe  nerve  is  termed  its  neurilema. 

It  will  be  shown  hereafter,  that  in  the 
vascular  system,  either  all  the  vessels 
fvoceed  from    one  large  trunk,  vrhich 
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can  be  acquired  only  by  long  practice,  inleriecl  each  other  in  erery  possible 

Nor  could  such  investigations  be  sue  manner.    AH  these  circumstances  art 

cessfuUy  pursued  at  all,  did  we  not  pos-  represented  iny^.  10,     It  is  remarkable, 

seKS  the  means  of  magnifying  the  bulk  that  from  whatever  part  of  the  body  the 

ot  the  object  examined  many  hundred  tissue  be  taken,  the  arrangement  of  Itie 

times  beyond  its  real  volume.    Without  elementary  ak)hules,  and  their  diame- 

doubt  the  microscope  is  an  instrument  in  ter,  appear  io  be  uniftwmly  the  same, 

the  use  of  which  much  caution  is  re-  Thatdiameler  is  estimated  at  about  the 


quired ;  but  Ibat,  wheo  ci 


is  taken  to    tMh  part  of  an  inch. 


Fig.  10, 


guard  against  its  louroes  of  fallacy,  it  is 
capable  of  communicating  real  aud  va- 
luable information,  it  were  idle  to  dis- 
pute. It  is  remarkable,  that  one  of  the 
very  first  results  of  the  employment  of 
the' microscope  on  its  discovery  was  the 
detection  of  the  globular  structure  of  tlie 
primitive  tissues  of  Ihe  animal  body. 
Lewenhoeck,  who,  about  the  middle  of  the 
seventeenlh  century,  applied  Ihe  micto- 
acope  to  tlie  examination  of  the  different 
tissues  of  the  human  body,  stales  ex- 
pressly, that  ihe  ultimate  filaments  of 
which  they  are  composed,  aru  formed 
of  globules  of  extreme  minuteness. 
"  Having  exposed  litem  (Ihe  ultimate 
muscular  filaments)  to  my  microscope," 
he  says,"  I  saw  to  my  wonder  that  Ihey  ihe  inferior  animals,  esjiecially  in  Ihe 
were  mode  up  of  very  small  conjoined  four  clashes  of  Ihe  verlebralia.  has  led  to 
globules,  which,  in  smallness,  seemed  to  the  discovery,  that  in  all  Ihe  tribes  of  the 
lurposs  all  the  rest ;  this  1  took  notice  of  mammalia,  m  birds,  in  reptiles,  in  fishes, 
frequently."  He  adds,"  I  have  used  seve-  it  is  composed  of  globules,  which  have 
ral  methods  to  sec  the  particles  of  these  precisely  Ihe  same  eeneral  appearani.'«, 
cameous  filaments,  and  have  always  andwhich  are  exactly  of  the 
found  that  lliey  are  composed  of  s'  '  "  ' 
parts  to  wliich  I  en      '  .l      - 


nilude.  Subsequently,  the  e; 
has  been  extended  to  invertebraled  ani- 
mals, in  all  ot  which  Ihis  tissue  presents 
the  same  globular  struclure,  with  Ihis 
difference  only,  that  while  the  grealiT 
number  of  the  globules  are  of  Ihe  same 
bulk  an  in  the  verlebrated  animals.  Ih^y 
e  mixed  with  olliers  of  a  larger  vu- 
:   supposed     because  Ihoe 


than  a  globule."  This  statement  was 
regarded  wilh  great  distrust:  it  was, 
however,  confirmed  by  many  able  ob- 
servers; but  from  that  perioalo  the  pre- 
sent, at  different  intervals,  it  has  been 
the  subject  of  controversy,  and  the  con- 
troversy continues  to   the  present  day. 

We  have  already  stated,  that  the  subject  larger  globules  consist  of  a  union  oi 
is  at  this  very  time  engaging  the  alten-  several  of  the  elementary, 
tion  of  the  most  dislinguishnl  physiolo-  Theelementaiv  structure  of  the  mus- 
gists  of  Europe,  and  Iheir  researchea  pular  tissue  has  been  examined  with  the 
will  probably,  at  no  distant  period,  ascer-  like  care,  ami  \\l\]-i  '-'ir  •  'mt 
tain  the  truth  beyond  reasonable  doubt,  result.  In  thii  li^~u>.  :..-  ,  i..  ..:ite 
In  the  mean  lime,  we  may  give,  in  a  few  filaments  appear  lu  Liiiiiul  ui  ;;iu'..j.is: 
words,  the  results  to  which  the  most  these  globules  arc  arranged  in  aimJar 
f..i    _: :...i  .1, —  .Li_i.    jjj|g^|.  ^g|.j^^ .   jjji,  jjjg  direction  of  the 

series  is  ainays  different  t/i?.  11); 
in  the  muscular  tissue  the  direction  is 
invariably  parallel.  The  fibres  never 
intersect  each  other,  like  those  of  Ihe 
cellular  tissue,  and  this  is  the  only 
discernible  diflerenee,  for  they  are  of 
Lik  ai  the 
fact  has 


careful  microscopical  observers  think 
tbey  have  arrived. 

If  the  cellular  liasue,  when  in  a  state 
perfectly  natural,  having  been  subjeeied 
to  no  preparation  capable  of  altering  ita 
properties,  be  examined  with  a  micro- 
scope of  high  roagni^ing  powers,  it 
appears  to  consist  entirely  of  minute  Ihe 
particleB,  of  a  globular  form  (Jig.  io>.    cellular. 


lajjnilui 


These  globules  are  arranged  in  irregular    been  observed  wilh  regard  to  the  u. 

aeries,  forming  lines  of  different  lengths,    formily  of  Ihe  ilructure  of  this  tiasue  in 

which  take  every  possible  direclion,  and    all  the  inferior  aniin»i«,  and  the  identilj 
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of  the  structure  \vith  that  of  the  same 
tissue  in  man.  The  liKure  and  diame- 
ter of  the  globule*,  and  the  parallel  di- 
rection of  the  linear  series,  are  the  same 
in  whmterer  creature  they  kre  eumiiied. 


bv  the  various  combm&tion  of  nbicb 
all  (he  tissues  of  all  Rnimals  are  com- 
posed. Supposing  the  correctness  of 
these  otwervationa  to  be  established,  we 
might  say,  that  a  f^lobule  of  about  the 
diameter  of  the  jAsth  part  of  an  inch  is 
the  elementary  organic  molecule,  of 
ntuch  every  aolid  of  every  animal  body 
is  composed,  l>ecause  the  analysis  of 
erery  such  solid  might  be  carried  on 
until  we  come  to  such  a  globule,  but  no 
further,  at  least  by  any  instrument  we 
at  present  posieis.  This  globule  might, 
therefore,  be  considered  as  the  elemen- 
tary organiied  corpuscle.  Thus  it 
ifould  appear,  that  from  the  loophyte 
up  to  man  there  is  in  the  structure  of 
aQ  the  difTerent  tissues  not  only  a  moat 
striking  similarity,  but  an  absolute  iden- 
We  know,  from  the  study  of  her 


Whatevar  doubt  may  be  entertained, 
and  whatever  coDtroversy  may  be  agi- 
tated respecting  the  accuracy  of  these 
abaervfttioiis,  in  relation  to  the  cellular 
ud  the  muscular  tissues,  few  examiners 
liav«  cftlled  in  question  the  globular 
(tnicture  of  the  nervous  tissue.  This 
structure  is,  probably,  more  visible  in 
this  than  in  the  other  tissues,  because 
on  account  of  its  more  soft  and  delicate 
texture  it  is  mure  transparent.  All  the 
{dijsical  characters  of  the  globules  of  the 
BOTuus  &re  identical  with  those  of  the 
ediular  and  muscular  tissues  {fig.  12). 
Fig.  13. 


Wbelheith^  are  exuninedin  the  brain, 
in  the  apinal  cord,  in  the  ganglia,  or  in 
the  nerves,  they  have  the  same  figure 
and  the  same  diameter,  and  no  diuer- 
cnec  of  any  kind  can  be  distinguished 
in  them,  from  whatever  animal  the  spe- 
bmen  under  examination  be  taken. 

The  general  conclusion  deducible  from 
these  series  of  observations  is,  that  everv 
animal  solid  consists  of  molecules.  aU 
of  which  possess  a  determinate  figure 
ftud  a  uniform  magnitude;  and  that 
tbcM  Koaitilute  the  elemeatuy  particlei^ 


tity.  . 

laws,  (he  simplicity  of  the  means  by 
which  nature  works ;  but  these  discove- 
ries show  the  simplicity  of  the  material 
with  which  she  constructs  the  most 
varied  of  her  productions,  and  renders 
that  variety,  infinite  as  it  is,  stiU  more 
wonderful  and  admirable. 

The  result  of  the  preceding  researcbes 
suggests  the  further  inquiry,  whether 
the  globular  form  which  has  been  de- 
scribed be  peculiar  to  matter  assimilated 
to  living  beinss,  and  consequently  de- 
pend on  the  influence  of  life ;  or  whether 
it  be  referable  to  the  influence  of  laws 
purely  physical,  in  consequence  of  which 
certain  sutistances  assume  this  form 
whenever  they  pass  from  the  solid  to  the 
fluid  state,  in  tne  same  manner  as  salts 
in  cryslaUiiing  are  arranged  in  deter- 
minate ^ures.  The  eipfrimenls  which 
have  hitherto  been  made  relative  to  this 
subject  favour  the  opinion  that  it  is  the 
result  of  physical  laws.  Of  these,  one 
of  the  most  remarkable  is  that  performed 
by  Prevost  and  Dumas.  By  the  action 
of  electricity,  fluid  albumen  is  converted 
into  a  white  coagulum.  On  examining 
with  the  microscope  the  coagulum  thus 
formed,  these  physiologists  found  that 
it  alMunds  with  globules  precisely  simi- 
lar to  those  of  the  blood  when  deprived 
of  it*  external  envelop,  and  to  those 
contained  in  serum,  milk,  and  pus. 
Tlwy  observed  also,  that  these  globules 
showed  the  same  disposition  to  form 
series,  or  aggregates,  as  in  the  orimitive 
tissues.  Dr.  Edwards  has  furlhtr  eata- 
bhshed,  by  experiment,  that  tlie  same 
phenomenon  takes  place  whenever  the 
coagulation  of  eibumew  »  e««<iv.«A.  \ri 
the  action  otfeeaVot  ol  t\\MR\tA  »%«*».  \ 
that  when  the  a«a^lo^^'^*^iW«A,■*^»s™■ 
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alfrafi  containi  in  its  fluid  state  k  con- 
siderable number  of  globiilcB,  is  tM>agu- 
lated  «lher  by  cvsporatioo  or  by  the 

addition  of  an  acid,  or  of  alcohol,  a  pro- 
digious qoanlily  is  formed;  llial  Ihe  1-  Each  of  the  primitiTe  tiMUM  that 
same  result  is  obtained  by  the  soiidifica-  has  ln;en  described  possesses  peculiar 
tion  ot  the  vitreous  humor  of  the  eye,  and  specific  properties.  Those  which 
of  the  mucus  secreted  by  the  snail,  belong  to  the  cellular  tissue  are  wholly 
and  of  that  whiehsurrounds  Iheeggsof  physical:  Ihey  consist  of  four,  namely, 
the  frog;  that  Ihe  same  is  the  case  with  cohesion,  flexibility,  exlensibilily,  and 
gel«lint![  thill  if  a  small  quantity  ot  elaslicity.  Cohesion  must  necessariljr 
aeelic  acid  be  added  to  the  filaments  belong  to  every  solid  substance ;  and  it 
which  compose  Ihe  substance  of  the  is  required,  in  the  animal  tissues,  be- 
slurgeon,  which  is  regarded  as  almost  cause,  in  Ihe  performance  of  many  ot 
pure  jelly,  its  globulous  slruclure  be-  the  vital  functions,  a  considerable  de- 
comes  perfectly  roanifest,  and  that  if  gree  ot  force  is  exerted.  The  different 
this  substance  "be  dissolved,  and  then  parts  of  the  Iwdy  are  continually  chwig- 
reconverted  into  a  solid,  these  globules  in^  their  bulk,  and  varying  their  rela- 
agftin  reappear,  and  that  precisely  Ihe  live  position :  the  tissues  of  which 
same  phenomenon  is  produced  by  the  they  are  composed  must  therefore  pos- 
conversion  of  a  solution  of  Sbrine  from  sess  a  considerable  degree  uf  flexibi- 
a  fluid  to  a  solid  stale.  Thus  it  appears  lily,  and  of  extensibility.  Glasticily  is 
that  albumen,  gelatin,  fihrin,  Gcc.  or  the  the  property  which  a  substance  pos- 
proximnte  animal  principles,  assume  a  sesses  ot  returning  to  its  original  sue 
globular  form  whenever  they  pass  from  when  the  cause  that  distends  it  ceases 
Ihe  fluid  to  the  solid  state,  whatever  be  to  operate.  The  operation  of  this  pro- 
file cause  which  produces  that  change,  perty  is  of  great  importance  and  extent 
If  the  unitormily  and  univerialityof  Ibis  in  the  animal  economy,  and  it  i*  peca- 
curious  fact  be  hereafter  established,  it  liar  to  the  cellular  tissue.  There  is  tea- 
will  probably  o]ien  the  path  to  new  and  son  to  believe  that  no  other  texture  pos- 
interesting  discoveries  relative  to  some  sesses  it  in  the  slightest  degree,  but  in 
of  tlie  inoit  import^mt  functions  of  the  so  far  as  this  substance  enters  as  a  con- 
animal  economy.  In  Ihe  mean  time  it  stituent  element  into  iti  compoailioa. 
may  be  observed,  that  the  view  which  Allhough  elasticity  can  never  be  the 
has  been  exhibited  of  the  elementary  source  of  power ;  allhoueh  it  cannot 
structure  ofthe  animal  tissues,disclose3  originate  motion  ;  although  it  can  only 
a  series  of  facts,  which  are  in  perfect  restore, in  acontratydirection.the  force 
harmony  with  the  ordinary  operations  which  had  been  impressed  by  some  other 
of  nature.  From  the  most  simple  vege-  agent,  yet,  in  the  various  functions  of 
table  up  to  the  polypus,  from  the  moat  life,  its  action  is  exceedingly  extensive 
simple  polypus  through  all  the  ascend-  and  important.  The  arrangement  by 
ing  scale  of  lieing  up  to  man,  the  cha-  which  this  is  secured  is  extremely  beau- 
racters  of  life  are  nearly  the  same:  that  liful.  The  tissue  in  which  this  property 
the  uliimate  structure  of  the  substances  is  inherent  is  so  disposed  throughout 
to  which  life  is  attached  should  there-  the  body,  that  it  is  kept  in  a  stale  of 
fore  be  similar,  would  l>e  in  perfect  har-  constant  distension,  both  by  ita  situatioa 
mony  with  the  great  plan  on  which  we  and  by  its  connexions.  Am  long  as  the 
know  that  all  the  operationsofnature,with  distending  cause  continues  to  operate, 
which  we  are  acquainted,  are  conducled.  the  elastic  property  has  no  action;  hut 
But  no  consideration  should  induce  us  whenever  the  circumstances  that  dit- 
to acquiesce  in  anything  as  a  fact,  until  tend  it  vary,  that  moment  its  elasticity 
It  IS  fully  ascertained;  and  it  should  be  comes  into  play;  and  these  circum- 
bome  in  mind  that  the  entire  series  of  stances  vary  almost  every  instant. 
observations  relative  to  the  globular  Whenever  the  extremities  of  any  por- 
structure  of  organized  bodies  is  at  pre-  tion  of  Ihe  tissue,  in  any  part  of  the 
sent  a  subject  of  controversy,  some  of  body,  are  brought  nearer  to  one  an- 
Ihe  most  eminent  authoniies  main-  other ;  whenever  the  contents  ot  any 
laining  that  they  are  correct,  and  hollow  organ  are  withdrawn ;  whenever 
others  contending  that  they    are    fal-  any  such  hollow  body  is  divkled  trans- 

lacious.* vertely,  that  instant    it    contracts    or 

,  •s««»oi«i,iirt«ip.mp(,iMb,Mr.B.Br«..  shrinks,  and  thui  a  power  is  obtained 

^-p-us.  in  the  economy.    The  cartilages  of  the 
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ribs  are  endowed  with  a  hijch  decree  of  they  reside.  All  the  effects  they  pro- 
elasticity  :  the  arteries  possess  this  pro-  duce  in  the  animal  economy  are  totally 
perty  in  a  still  greater  degree :  it  will  independent  of  any  vital  action, 
hereafter  be  shown,  that  in  the  functions  2.  But  the  second  primitive  tissue,  the 
of  respiration,  and  of  the  circulation,  its  muscular,  is  the  seat  of  a  power  pro* 
use  is  so  fijeat,  that  these  important  pnerly  vital.  To  the  muscular  fibre,  con- 
actions  cou^d  not  possibly  go  on  without  sidered  as  a  compound  of  muscle  and 
it    The  situation  and  action  of  the  epi-  membrane,  belong  all  the  properties  of 

eottis  afford  another  striking  and  cellular  tissue:  to  pure  muscle  is  at-^ 
»atiful  illustration  of  the  use  to  which  tached  only  one  property,  which  is 
it  is  applied.  The  windpipe,  the  iube  termed  contractility ;  and  this  is  pecu- 
which  conveys  air  to  the  lungs,  being  liar  to  it,  and  is  truly  a  vital  power.  As 
placed  before  the  oesophagus,  the  tul^  it  actually  exists  in  the  body,  then, 
which  transmits  the  food  into  the  sto-  muscle  possesses  two  classes  of  proper •> 
mach,  the  food,  in  order  to  get  into  the  ties,  physical  and  vital.  It  owes  its 
latter  organ,  must  necessarily  pass  over  physical  properties  for  the  most  part, 
the  former.  But  it  is  essential  to  the  but  especially  its  elasticity,  to  the  ceU 
function  of  respiration  that  air  should  be  lular  tissue  with  which  it  is  combined, 
constantly  passing  to  the  lungs:  an  inter-  Cohesion,  flexibility  and  extensibility 
ruption  to  its  transmission,  for  any  consi-  must  belong,  indeed,  in  some  degree,  to 
derable  time,  would  stop  the  process  and  its  own  substance ;  but  these  are  of 
destroy  life ;  and  yet  the  opening  into  the  little  consequence  compared  with  its  pe- 
tube  which  is  to  convey  the  air  must,  culiar  and  specific  property  of  con- 
necessarily,  be  closed  every  time  a  tractilitv.  Contractility  is  the  pro- 
morsel  of  food  or  a  drop  of  water  is  perty  wliich  the  muscular  fibre  possesses 
swallowed.  How  is  this  aperture  in-  of  shortening  itself.  It  is  the  generator 
Yariably  and  instantly  to  be  closed  just  of  power,  ft  is  not  only  not  a  mecha* 
at  the  moment  when  its  closure  is  re-  nical  property,  but  it  possesses  nothing 
quired,  and  yet  to  remain  open  at  every  in  the  slightest  degree  analogous  to  any 
other  period  ?  A  cartilage  is  placed  at  mechanical  force.  In  the  best  contrived 
the  top  of  the  windpipe,  attached  to  machinery  there  is  no  real  s:eneration  of 
the  root  of  the  tongue :  the  tongue,  in  power :  there  is  merely  an  application  of 
the  act  of  deglutition,  necessarily  pre-existing  power  to  some  specific  ob- 
passes  backwards,  but  it  cannot  pass  ject.  In  the  reaction  of  an  elastic  body, 
backward,  without  pushing  the  cartilage  m  the  recoil  of  a  spring,  there  appears 
over  the  aperture  so  as  completely  to  to  be  an  actual  production  of  power ; 
dose  it.  As  soon  as  the  tongue  ceases  but  the  effect  thus  apparently  produced 
to  press  upon  the  cartilage,  in  conse-  is  the  mere  reaction  of  the  force  ori- 
quence  of  the  high  degree  of  elasticity  ginally  employed  in  compressing  the 
with  which  the  latter  organ  is  endowed,  spring.  The  force  of  the  recoil  can  never 
it  springs  up  of  its  own  accord,  and  so  be  greater  than  the  force  employed  to 
leaves  the  aperture  open.  That  aper-  compress  it,  and  the  moment  this  power 
ture  requires  to  be  closed  only  during  is  expended,  all  capacity  of  motion  is  at 
the  moment  we  swallow :  its  closure  is  an  end.  In  muscular  contraction,  on 
secured  by  the  act  of  deglutition  ;  it  re-  the  contrary,  there  is  a  real  generation  of 
quires  to  be  open  at  every  other  period ;  power.  If,  in  an  animal  recently  killed, 
it  is  kept  open  by  the  elasticity  of  its  the  interior  surface  of  the  ventricle  of 
lid!  the  heart  be  pricked  gently  with  a  needle. 
Such  are  the  properties  of  the  cellular  the  ventricle  will  instantly  contract  with 
tissue.  As  this  tissue  forms  the  basis  such  force  as  to  propel  the  needle  deeply 
of  every  organized  solid,  so  the  proper-  into  its  substance.  The  force  of  the 
ties  with  which  it  is  endowed  are  the  contraction  of  the  ventricle  in  this  in- 
most simple,  that  is,  they  belong  to  stance  must  be  incomparably  greater 
many  other  natural  objects.  Cohesion  than  the  force  with  which  it  is  pricked 
must,  of  course,  be  possessed  by  every  by  the  needle.  There  is,  thus,  an  actual 
solid  substance.  Extensibility,  flexibility,  production  of  power,  because  the  effect 
elasticity,  are  found  in  vegetable,  mine-  bears  no  proportion  to  its  mechanical 
ral,  and  in  dead  animal  matter.  These  cause.  There  is,  then,  not  only  no  iden- 
properties  are  entirely  physical.  They  tity,  but  no  analogy  between  this  power 
are  connected  with  the  peculiar  arrange-  and  any  of  the  great  principles  of  nature, 
ment  of  the  particles  and  the  chemical  which  are  original  sources  of  mecha- 
composition  of  the  substances  in  which  nical  force.    And  of  this  the  complete 
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proof  is,  thai  its  niMt  powerful  effecls  lo  all  Hnimal  hut  In  all  veitetaMe  hr^diti 
are  produoed  wilhoul  the  intervenlion  of  —it  may  be  considered  as  tlie  commoD 
any  mechanical  cause.— by  an  asent  properly  of  organised  beines — it  appears 
vfhich  has  no  relation  to  any  physieal  to  be  the  immediate  result  of  that  pecu- 
property  of  matter,  namely,  by  volition,  liar  arran^nient  of  parts  which  i( 
liiis  power,  therefore,  is  disunct  from  termed  organisation  ;  it  is,  therefore, 
any  other  in  nattire,  and  is  peculiar  lo  approprialely  termed  organic,  and  the 
life.  The  phenomena  of  muscular  eon-  rnnciple  considered  abslmctedl)'  may 
traction,  and  the  laws  which  regulate  it,  be  denominated  organic  affinity,  in  con- 
Trill  be  described  hereafter.  Iradistinetion  lo  the  ordinary  chemical 
3.  To  the  nervous  tissue,  besides  those  affiniiies  lo  which  it  is  so  often  <^posed- 
that  are  merely  physical,  belong  two  dis-  B.  The  second  general  power  lo  wWdi 
tinct  and  peculiar  properties  ;  and  these  vital  phenomena  may  be  referred,  is 
also  are  vilal ;  they  are  denominated  the  contractility.  With  the  escepHon  of 
nervous  and  the  sensorial.  The  nervous  that  which  depends  on  the  physical  pro- 
power  consists  of  a  properly  resident  in  perty  of  elasticity,  it  is  the  sourc«  of  all 
the  Derves,  upon  which  the  following  the  motion  which  takes  place  in  ttw  aoi- 
phenomena  depend  :—  Dial  sj-slem.  In  all  the  higher  animals 
1.  Tbe  transmission  of  the  sli-  it  resides  in  the  muscular  titsae  alone  : 
mulus  of  volition  to  the  voluntary  in  the  lower,  in  which  Ihew  ftpoears  to 
muscles.  2.  The  transmission  of  im-  be  no  lUslinction  of  tissue,  it  belong  to 
pressions  received  from  the  external  the  homogeneous  substance  of  which 
senses  to  the  spinaJ  cord  and  the  brain,  the  body  is  composed. 

3.  The  exertion  of  a  certain  action  upon  3.  The  third  general  power  to  which 
the  blood,  by  which  are  mainiained  the  particular  closses  of  phenomena  may  tie 
secreting  and  the  other  assimilating  pro-  referred  is  the  nervous.  By  this  power 
cesses,  m  which  tlie  preservation  of^  the  impressions  are  received  from  certain 
Btructureofthedifferenl  organsdepends.  parts  of  the  nervous  system,  and  com- 

4.  The  exertion  of  an  anidoguus  action  municated  to  other  parts  of  il ;  impres- 
upon  the  blood,  by  wtuch  a  disengage-  sions  are  also  received  from  the  external 
menl  of  caloric  is  produced,  and  the  world,  and  conveyed  to  particular  p«rt« 
temperature  necessary  to  animal  life  and  of  the  same  system ;  it  is.  therefore,  by 
health  sustained.  The  sensorial  pjwer  this  power  that  the  animal  ii  connectd 
consists  of  the  faculty  of  sensation,  that  with  the  external  world;  and  it  also 
is,  sensation  attended  with  consciousnes*  exerts,  as  has  lieen  shown,  a  very  im- 
or  perception,  of  voh'ion,  and  of  the  portant  influence  over  certain  actions 
faculties  termed  intellectual.  Forreasuns  which  are  indispensable  to  animal  ex- 
hereafter  to   be  assigned,   il   is   certain  istence. 

that  the  nervous  and  the  sensorial  are        4.  The  fourth    general    power,   the 

distinct   and   independent  powers,  and  sensorial,  is  that  to  which  we  must  refer 

thene   phenomena   will    be  further   de-  the  important  faculties  already  enume- 

■cribed  in  the  proper  place.  rated,  namely,  perception,  volition,  and 

From  the  expO'iition   that  has  been  those  which  are  termed  intellectual.    By 

l^ven  of  the  properties  of  the  primitive  these  faculties  the  animal  is  capable  of 

tissues  of  the  body,   a   httle   reflection  enjoyment:  they  do  not  so  much  consti- 

wili  show  that  it  is  possible  to  deduce  tute  his  Iwing— they  do  not  so  much 

four  distinct  powers  to  which  we  may  contribute  to  the  maintenance  of  exist- 

refer  the  particular  events  or  phenomena  ence,  although  existence  can   be   pro- 

which,  taken  together,  constitute,  or.  at  longed  only  a  few  moments  after  (heir 

least,  which  are  invariably  found,  only  operation  has  ceased,  as  to  the  render- 
Thes               ....  .      ,~ 


1  with  life.     These  general  ing   existence   a  good.      They   e 

powers,  to  which  distinct  classes  of  phe-  final  cause  for  which  all  the  other  facul* 

nomena  m»y  be  referred,  are— organic  ties  exist,  because  they  are  the  ultimate 

affinity,  contractility,  nervous  power,  and  end   for  which   the  animal   itself  lives. 

■enioriaj  power.  Thus,  the  nervous  and  the  muscular 

1.  To  tlie  first,  organic  affinity,  are  powers  are  those  by  which  ihe  life  of 

r«Ierable  tite  phenomena  of  production,  the  animal  is  preserved,  and  by  which  il 

lecretioo,  growth,  and  the  vanous  jiro-  atfects  and  is  ati%cled  by  Ihe  external 

caases  by  which  the  ditt'erent  structures  world :  the  seniorial  are  the  powers  by 

that  compose  the  animal  fabric  are  mo-  which  the  ultimate  end  of  its  tieing  is 

delled.    The  power  by  wliich  Uiese  ef-  attained:  il  follows  that  the  final  cause 

Actf  arejiroauced  a  commoa  not  only  of  the  oervoiu  and  the'  muscular  b  the 
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mamfensnee  of  ^e  sensorial  powers :  of  the  motion  of  the  mnsdes,  which 

aeeordin^v,  it  is  established  by  direct  raise    the  ribs  and    depress  the  disr 

czperiinents  which  we  shall  detail  here-  phragm ;    secondly,  of  an  increase  in 

mfter,  that  the  miiscular  is  uniformly  the  cavity  of  the  cells  of  the  lungs  * 

obedient  to  the  nervous,  and  the  nervous  thirdly,  of  an  inmss  of  atmosphencai 

to  the  sensorial  power,  while  tiie  sen-  air  into  those  cells  ;  fourthly,  of  certain 

Borial  power  itself  is  subordinate  to  the  changes  produced  in  the  quality  of  the 

ftnal  euise  of^animal  existence — enjoy-  blood  during  its  passa^  through  the 

nent  lungs,  and  so  on.  In  this  instance  each 

■  phenomenon  follows  in  a  certain  order^ 

In  the  construction  of  the  animal  and  the  whole  concur  in  the  production 

tome^  the  tissues  which  have  been  de-  of  a  definite  object ;  and  the  same  is  true 

•eribed   are  variously   combined   and  of  every  function  of  every  living  being. 
modified.    Some  are  disposed  hi  a  defi-       Since  life  consists  in  a  series  of  ac« 

irite  order*  and  moulded  into  a  peculiar  tions  performed  try  different  organs,  it 

Ibrm :  others  are  disposed  in  another  is  obvious  that  the  main  object  of  physi- 

ovder,  and  mo\:dded  into  a  different  form,  ology  must  l3e  to  give  an  account  of 

Ihese  definite  arrangements  constitute  these  actions  or  functions.    In  order  to 

organization.    Each  determinate  orga-  execute  this  task  with  advantage,  it  is 

ninition,  when   moulded  into  a  siven  necessary  to  adopt  some  claBsmcation 

form»  constitutes    what    is  eallM  an  of  thefiinctions,  an^asimpleand  natu- 

organ.    The  JSgure,  the  magnitude,  ana  ral  alrangement  is  veiy  important.  On 

the  general  as^  ect  of  the  d^f&ent  oigans  examining  carefhlly  the  circle  of  actions 

nre  infinitely  various.     Their  physicdi  performed  by  the  living  being,  we  ob- 

proporties  depend  upon  the  tissuies  of  serve  that  these  actions  have  for  then: 

vfiiich  th^  are  composed,  and  upon  the  object  the  preservation  of  the  individual, 

modifications  which  those  tissues  under-  the  reproauction  of  the  species,  and 

ga    Their  chemical  propertiies  depend  the  bnnging  the  individual  into  com- 

upon  tiiose  of  the  tissues,  and  of  the  municatfon  with  other  l)eings.  The  first 

flnids.    Tbdr  vita)  properties  are  j^u-  class  of  ftmctions  comprehend  those  of 

Uar    aai  sjpecific.      Every  individual  nutrition ;  the  second,  those  of  rspro-. 

nil  enoowed  with  the  power  of  peN  duction,  and  the  third  those  of  relation, 

a  specific  action :  the  perform-  The  fiinction  of  tiutritioo  consists  of  Uie 

that  action  is  the  sole  obiect  following  processes: — digestion,  circula- 

•ad  ead  of  its  existence,  and  that  action,  tion,  respiration,  secretion,  absorption, 

whatever  it  be,  is  termed  its  function,  and  excretion.    The  function  of  repro- 

Ibos  eyeiy  oi*g^  is  an  instrument,  and  duction  comprehends  the  different  pro* 

as  life  consists  in  a  series  of  actions,  cesses  of  generation.    The  function  of 

performed  Indifferent  oigans,  the  latter  relation  comprehends  locomotion— the 

9fe  termed,  as  has  been  stated,  the  in-  nervous  influence ;  sensation,  the  par- 

alriunents  of  life.    And  that  this  oijga-  ticnlar  senses  and  the  intellectual  facul- 

nic  power  b  connected  with  organuft-  ties ;  voice,  speech,  and  so  on.  Of  these 

lion,  is  inferred  from  the  ftet,  that  the  functions  we  shaU  treat  pretty  much  in 

effects  produced  by  oifferent  organs  in-  the  order  enumerated,  beginning  with 

Yariably  correspond  with  the  particular  the  process  of  digestion,  ami  describing 

arrangement  oi  their  Elementary  tissues,  the  blood,  which  it  is  the  great  object  of 

that  is,  with  their  peculiar  organisation,  this  process  to  form. 
The  stomach  never  possesses  the  power  .^_«. 

of  secreting    bile:   the    liver     never  — 

■ecretes  the  gasbric  fluid :  the  peculiar  ^^  7v««««.Vm. 

organization  of  a  part  is  essentialto.  and  ^  VtgeiHon. 

aecures  its  peculiar  action.  We  have  seen  that  one  of  the  essential 

Thus  it  appears  that  every  individual  characters  of  a  livmg  being  is  the  power 

organ  is  the  seat  of  some  special  func-  it  possesses  of  resisting  within  a  cer- 

lion.    A  function  consists  of  certain  tain  range  the  ordinary  influence  of  phy- 

phenomena,  which  have  a  peculiar  re-  steal  agents,  and  of  maintaining  its  in- 

lation  to  each  other,  and  which  concur  tegrity  under  circumstances  in  which  it 

in  the  production  of  a  definite  object  would  be  decompose  were  it  destitute 

These  phenomena  occur  in  a  series :  of  a  vital  principle.    These  vital  phe- 

the  succession  of  each  phenomenon  in  nomena  are  effected  by  the  establishment 

the  series  is  definite  and  fixed.    Thus,  of  a  drde  of  actions  in  the  interior  ol 

the  function  of  respiration  consists,  fint,  ttie  living  Y>od^«^>^  ^\£»^  ^Xs  \si^^^5c%3b^. 
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particles  are  mainlaincd  in  a  stale  of  and  it  would  seem  lo  be  one  office  o! 
alternate  decay  and  renovation ;  its  old  this  preat  division  of  oi^anic  being  to 
particles  being  continually  removed,  and  perform  the  transform a1  ion  of  dead 
new  particles  toeing  deposited  in  their  mailer  into  living  sulialancc.  For  it  ii 
place.  The  activity  witn  wliich  this  in-  the  part  of  the  plant  to  act  upon  inor- 
terchange  is  carried  on  varies  in  every  game  matter:  to  derive  its  nourish- 
ditferent  individual,  and  in  the  same  ment  from  earths,  snits,  airs,  conipound 
individual  at  different  periods  of  its  life;  substances  which  il  decomposes,  and 
but  ihe  rapidity  vfith  vfhich  certain  pro-  Iheelemenlsof  vihich reeombining anew, 
cesses  are  nccomphshed  wmxld  seem  to  it  assimilates  into  its  onn  proper  nature, 
show  that  that  interchange  cannot  he  On  the  contrary,  the  animal  in  eenera! 
slow.  Hales  ascertained  by  direct  ex-  operates  either  upon  vegetable  or  ani- 
periment,  that  a  sunflower,  weighing  mal  substance.  The  elements  of  the 
three  pounds,  exhaled  twenly-two  ounces  mineral  kingdom  would  seem  to  be  loo 
in  the  Epace  of  twenly-four  hours,  that  remote  from  Ihe  nature  of  the  animal, 
is,  nearly  half  its  weiEhl :  and  by  a  to  !«  capable  of  being  converted  into  its 
series  of  experiments,  Keil  ascertained  substance,  unless  previously  elaborated 
that,  in  his  own  person,  he  lost  by  the  by  Ihe  vtgetable.  By  its  nutritive  or- 
prooess  of  perspiration  Ihirty-one  ounces  gans  Ihe  plant  acts  upon  and  assimilates 
m  twenty-four  hours.  Attempts  have  morganic  mailer:  by  ila  digeslive  or- 
been  made  to  calculate  the  space  of  cans  the  animal  acls  upon  and  assirai- 
(ime  in  which  every  particle  existing  in  lales  organic  matter  already  organiied 
the  human  body  at  any  given  period  by  Ihe  vegetable.  Hence  plants  may 
would  be  removed  and  replaced  by  new  be  considered  as  Ihe  great  laboratory  in 
mailer,  and  u  notion  has  prevailed  that  which  Nature  prepares  food  for  aai- 
a  complete  and  entire  change  is  effected  mals,  and  thus  exhibits  a  mulual  rel«- 
in  the  course  of  seven  years :  taut  this  is  lion  and  dependence  between  the  mine- 
mere  conjecture.  ra),  the  vegetable,  and  the  animal  king- 

From  Ihe  continual  removal  of  Ihe  doms,  truly  harmonious  and  beautiftd. 

old,  and  the '  corresponding  deposition  Still,  however,  this  representation  muit 

of  new  particles,  a  source  must  be  pro-  be  considered  only  as  generally,  and  by 

vidtd  for  fvimishing   the   body   with  a  no  means  as  universally  true :  for  plants 

supply  of  frt'sh  materials,     Thitl  source  arc    not     nourished    exclusively    from 

is  the  aliment:  but  the   aliment  as  it  is  mineral    substances,    nor    are    animuls 

received  by  the  living  body  is  always  a  nourished    exclusively    from   vegetaljle 

compound,  often  an  exceedingly  hetero-  matter. 

geneous  substance ;  while  It  is  an  ascer-  11  has  just  been  stated  that  the  sim- 

tained  law  that  no  food  can  contribute  plest  case  of  nutrition  is  found  in  Ihe 

to  the  support  of  the  bod^  unless  it  be  most  simply  constructed  plant.     Such, 

decomposed  and  resolved  mto  its  primi-  for  example,  are  the  fuci,  many  tribes 

live  elements.    In  order  to  accomplish  of  which  without  any  roo^  vrithout  any 

this  resolution  of  the  alimentary  matter,  special  organ  of  any  kind,  derive  their 

a  certain  process  is  established,  in  some  nourishment    from    air    and    moisture 

cases  simple,  in  others  extremely  com-  alone.    A  very  elegant  example  of  this 

plicated.    The  process  itself  is  termed,  extreme    Bimplicity    of   structure    and 

m  Ihe  vegetable,  nutrition ;  in  the  ani-  function  is  afforded  by  the  aerial  epi- 

mal,  digestion;  and  the  OT^ans  by  which  dendrum,  a  beautiful  plant,  a  native  of 

it  is  accomplished,  constitute,  in  the  Java,  and  of  Ihe  Srst  Indies,  beyond 

former, the  nutritive;  and,  in  Ihe  latter,  the  Ganges,    In  the  latter  region  it  is 

the  digestive,  apparatus.      There  is  an  stated  lo  be  not  uncommon  for  the  in- 

invariablerelationbetweenlhe  simplicity  habitants  to  pluck  it  up  on  account  o( 

or  complexity  of  the  apparatus  and  the  the  elegance  of  its  leaves,  the  beauty  of 

iimphcity  or  complexity  of  the  process;  its  flower,  and   the   exquisite   odour  it 

and  also  between  the  complexity  of  the  diffuses,  and  to  Buspeail  it  by  a  silken 

process  and  the  elevation  of  the  tndivi-  cord  from  the  ceilings  of  their  rooms, 

dual  m  the  scale  of  being.  where,  from  year  to  year,  it  continues 

The  simplest  case  of  nutrition  is  found,  to  put  forth  new  leaves,  new  blossoms, 
where  the  physiologist  might  have  ex-  and  new  fragrance,  excited  to  new  lite 
peeled  to  find  it,  in  the  most  simply  and  action  only  by  the  etlmuUis  of  the 
constructed  vegetable.  In  planls.  in  surrounding  atmosphere.  Similar  ex- 
general,  mdeed,  this  process  is  much  ampJes  are  furnished  by  some  of  the 
more  simple  Ulan  it  is  u  the  aiiima],  most  aucculent  pUots  of  Uw  hot  cli- 
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mates,  which,  though  they  are  indeed  links  are  unknown  to  us.  Thus  the 
provided  with  a  root,  yet,  accordinjE^  to  creatures  placed  at  the  bottom  of  the 
the  opinion  of  the  ablest  physiologists,  animal  scale  seem  to  possess  even  a  less 
this  on^  is  not  to  them  an  instrument  complicated  structure  than  the  perfect 
of  nutrition :  on  the  contrary,  it  is  con-  plant.  These  simple  beings  form  the 
eeived  that  these  plants  thrust  their  root  curious  class  of  animated  creatures 
into  the  earth  merely  for  the  purpose  of  termed  the  infusoria.  When  dead  vege- 
supporting  themselves  in  an  erect  posi-  table  or  animal  matter  has  been  kept  for 
tion,  because  they  are  capable  of  grow-  some  time  in  a  state  of  maceration  in 
inic  only  in  soils  or  sands  so  extremely  water,  in  a  moderately  warm  tempera- 
arid,  tfiat  no  moisture  can  possibly  be  ture,  the  fluid  is  found  to  swarm  with 
extracted  from  them ;  and  they  quickly  living  creatures.  Because  these  beings 
perish  if  they  are  exoosed  to  wet,  or  appear  to  be  produced  by  the  infurion 
to  a  rain^  season.  In  all  these  cases  in  water  of  vegetable  or  animid  sub- 
nutrition  is  effected  by  the  common  stances,  they  have  received  the  name  of 
subftance  of  which  the  plant  is  com-  ir^tuoria.  Their  extreme  minuteness 
posed,  and  the  materials  from  which  it  places  them  beyond  the  cognizance  of 
18  derived  are  air  and  the  moisture  sus-  unassisted  sense,  and  we  owe  our  know- 
pMended  in  it.  Such  plants  may  be  con-  ledge  even  of  their  existence  to  the 
sidered  as  placed  on  the  very  confines  microscope.  Of  these  creatures,  the 
of  organized  existence,  and  as  trans-  minutest  and  the  simplest  is  a  trans- 
mutii^  in  the  simplest  possible  manner  parent  globule,  having  the  form  of  a 
inommic  matter  into  living  substance.  point  CJ^.  13^,  which,  because  it  is  con- 

The  first  advancement  n-om  this,  the  eeived  to  be  placed  at  the       p^  13 

lowest  point  of  organization,  is  found  in  ultimate  limit  of  animal  _     * 

the  more  perfect  plants.    In  all  these  the  existence,   is    called    by 


omn  of  nutrition  is  the  root.  Every  MuUer  the  monas  termo. 
other  part  of  such  plants  may  be  de-  AH  naturalists  are  agreed 
atroyed,  but  if  the  root  remain  unin-  that  this  minute  point  is  an 
kircd  the  plant  will  regerminate ;  while,  oivanizedbein^of  an  animal  nature.  The 
if  the  root  perish,  the  plant  is  irrecover-  inference  that  it  is  an  animal  is  founded 
ably  lost  Such  plants  require  for  their  on  its  motion,  which  has  all  the  appear- 
lostenance  other  substances  besides  air  ance  of  being  spontaneous,  and  wnich, 
and  moisture:  their  nutrient  matter  in  the  actual  state  of  our  knowledge, 
being  of  a  more  heterogeneous  nature,  certainly  cannot  be  referred  to  any  ex- 
demands  a  more  complicated  apparatus  temal  physical  cause,  or  to  any  chemical 
for  producing  the  necessary  changes,  agency.  It  seems  scarcely  possible  to 
The  root  forms  that  apparatus,  and  is  contemplate  its  movements  for  any  con- 
thns  a  special  organ,  provided  for  the  siderable  time  without  being  satisiied 
ptirpose  of  nutrition ;  and,  in  a  physio-  that  it  is  truly  spontaneous.  All  who 
logical  point  of  view,  may  be  consi-  have  made  a  particular  study  of  minute 
dmd  as  the  first  advancement  in  com-  animals  have  considered  it  as  belonging 
fdication  of  structure,  and  in  corre-  to  this  class  of  beings ;  and  Cuvier  has 
tponding  complication  of  function.  placed  it  at  the  bottom  of  his  Animal 
In  the  organization  of  the  simplest  Kingdom,  or  at  the  commencement  of 
aniinals  there  is  no  appreciable  advance-  the  animal  scale.  It  is  found  not  only 
ment  in  structure,  although  they  uncjues-  in  infusions  of  vegetable  and  animal 
tioiMbly  perform  additional  functions,  matter,  artificially  prepared,  but,  when 
The  very  lowest  animal  probably  enjoys  the  temperature  is  mild,  in  stagnant 
tome  degree  of  sensation,  and  there  can  waters,  whether  salt  or  fresh.  It  seems 
be  no  question  that  it  possesses  the  to  be  a  vesicle,  or  to  consistof  a  delicate 
power  of  spontaneous  motion.  Yet  it  membrane  inclosing  a  transparent  fluid : 
appears  to  perform  the  function  of  nu-  hence  it  is  described  by  Professor  (^arus 
tntion  in  a  manner  perfectly  analogous  as  a  living  animal  cellule.  If  it  be  dif- 
to  that  of  the  simplest  plant.  In  study-  ficult,  on  account  of  its  extreme  minute- 
ing  the  organization  of  living  creatures,  ness,  to  ascertain  its  structure  with  ex- 
we  observe,  without  doubt,  traces  of  a  actness,  it  is  quite  certain  that  animalculi 
{graduated  scale  of  bein^ :  but  either  the  of  precisely  the  same  figure  and  appear- 
graduation  of  the  scale  is  not  perfect,  or  ance,  but  of  a  larger  size,  and  which 
we  are  ignorant  of  many  of  the  depees  seem  to  consist  of  a  congeries  of  these 
that  must  be  marked  upon  it ;  either  minuter  beings,  are  veav^>3i^Y«  \xv>^cv^»^ 
the  chain  is  defective,  or  wme  ot  its  larger  crealxues*  Vt«  mfttctotwfe  Vsuqsn^ 
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tte  wlernri  enydop  of  Iheir  bodv  can  has  lieen  describe.!  hy  Cuvier,  ««  beitw 

Irithir  and   in  that   fluid  can   be  pet-  diEeslinc  food.     In  the  higher  tnbes  of 

erived'mimerous  elobules  of  amwller  this  order,  procewes  or  laches  sre  ar- 

iiie    BppHrently  vesicular  also.     "niU  ratiffed  around  the  externa!  niBrem  ol 

It  exli*me!y  weU  seen  in  the  Vohoa!  this  aperturcfj'g''' l*-'^- 'V'*'™*"« 
Cftobalor  (fig.  !•»>.  js__  ,g 


Now  in  this,  the  lowest  class  of  nai- 
Ipals,  Uie  function  of  nutrition  is  per- 
formed in  the  simplest  manner,  and  is 
perfectly  analoKOus  to  that  in  the  vcRe- 
table.  Their  nutritive  matlet  is  received 
by  imbibition  through  the  parietes  of 
their  external  (nembrane,  without  any 
mouth,  and  without  any  apparatus  for 
dieestion  that  can  be  dislinpiished. 

The  first  advanoeraent  from  tliis  simple 
condition  of  animal  existence  is  observed 
in  a  higher  tribe  o(  aniroalcoli,  and  alao 
in  the  lowest  order  of  polypes.  It  con- 
sists of  a  mt-mliranous  sec  open  at  one 
extremity  Cjig.  W-    The  figure  of  the 

Fig.  15- 


animalcule  is  that  of  a  purse,  which 
has  Riven  name  to  the  tribe  deno* 
luinated  Burtariar  (Jig.  15.)  The  figure 
of  the  polype  is  very  similar  to  that  of 
the  flower  termed  Campanula,  and  it  is 
therefore  called  bell-shaped,  lite  in- 
habitants of  coralline  and  sponge  are 
constructed  essentially  in  this  manner. 
Instead  of  a  membrane  indoaing  a  ca;- 
vity  without  any  aperture,  they  consist 
of  a  membranous  cavity  open  at  one 
extremity.  This  conformahon  affords 
the  fir>t  and  (he  simplest  conceivable 
rudiment  of  an  alimentair  canal ;  the 
whole  intern^  surface  of  the  animal 
must  be  considered  as  forming  one  ex- 
tended atomach,  u>d  benoetbe  animal 


endowed  with  the  power  of  motion,  an3 
by  means  of  whivh  the  fluid  in  which  the 
animnl  swims,  and  which  contains  its 
aliment,  is  propelled  into  its  rudimenlnn 
di^stive  canaL  In  the  trities  placed 
above  these,  the  aperture  leading  to  this 
internal  cavity  is  not  always  open,  but 
is  capable  of  alternate  conlracfion  and 
expansion,  thus  exhibiting  the  first  and 
the  most  simple  form  of  a  mouth. 

It  has  been  slated,  that  in  the  more 
perfect  plants  the  root  is  the  organ  by 
which  the  function  of  nutrition  is  per- 
formed, sod  that  if  the  root  be  injurtd, 
the  plant  inevitably  perishes,  "^"et  there 
are  species  of  plants  in  which  the  trunk 
can  lie  made  to  perform  the  office  of  the 
root,  and  the  root  that  of  the  trunk. 
In  ttie  prunus  and  talis,  the  cbeny  and 
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willaw  hibei.  If  the  ttem  branches  be  hire  (Jig.  i9).    In  the  next  orderof  im- 

bent  down  to  the  earth,  plunged  into  it,  phyles  we  meet  with  a  mouth  which  ia 

and  continued  in  this  iituation  for  a  few  very  distinctly  fbnne^,    and  wMch  in 

months,   these  tn-ancheH  will  generate  most  cases  Is  surrounded  whhnumeronv 

radicles,  which  will  perform  the  proper  tentacuH.      The  month   opeiu  into  4 
functions  of  the  root.    If,  subsequently, 

the  original  root  be  dug  up  and  suffered  'V-  '  ^ 
to  ascend  into  the  air,  so  that  Uie  whole 
plant  sliall  become  completelv  inrerted, 
the  original  root  will  throw  rarth  stem 
branches,  and  will  bear  the  wild  fruit 
peculiar  to  its  tribe.  The  thiiophan  that  nc  or  itomaeb.  wbMi  Is  perfbctly 
maagie.  or  mangrove  tree,  grows  natu-  distinct  from  the  mass  of  ute  body.  The 
rally  in  this  manner;  for  its  stem  stomach  rejects  its  excrementitiaus  mat- 
brandies,  haviiw  reached  a  certain  per-  ter  by  the  same  passage  that  admits  its 
pendicnlar  Imght,  bend  downwards  of  aliment,  so  that  one  common  a|)erture 
Ihnr  own  accord,  and  throw  forth  root-  serves  both  brawuth  and  anns.  Inthe 
branches  into  the  soQ,  from  which  new  vudun  aU  Hmm  points  sre  well  seen, 
trunks  arise,  so  that  it  is  not  uncom-  On  the  infSerior  soihce  of  the  body 
mon,  in  some  parts  of  Asia  and  Africa,  there  is  a  simple  apertur«L  or  mouth,  fbr 
to  meet  with  a  single  tree  of  this  ipeeiea  thepui^xMa  of  suctipn.  Its  cavity  leads 
covering|  the  ooiy  waters  in  which  it  by  roar  tpattmm  into  a  like  number  u 
grows  with  a  forested  half  a  mile  in  sacs  or  nomacttt  excavated  hi  the  gels- 
length.  The  flcus  Indiea,  or  banyan,  tmous  substance  of  the  body.  And  these 
grows  in  the  same  manner,  and  often  stomadis,  in  s  manner  almost  inoon^ 
with  enonnotts  Irunlti,  equallv  derived  cnvaUe,  are  owable  of  digesting  hui 
from  a  primaiy  root.  Precisdy  snslo-  substances,  and  esnedalW  the  small 
gous  is  the  curious  property  possessed  pricl^  fishes  upon  wUch  tbey  prey, 
by  tlie  Burtarim  and  die  Polypi.  If  In  the  ttAmodermala,  the  hi^Mst 
these  animals  be  invertU  or  turned  com-  orda  of  aoophytes,  there  is  a  further  and 
pletriy  insj^e  out,  that  sm-face  wtiich  aTefjlffiiMmantsdnncementinofMni- 
was  naturally  external  performs  the  latiUL  In  the  aaterias.  or  star-fish,  thQ 
oBee  of  the  internal  perfectly,  and  the  stomach  is  not  only  quite  distinct  frou 
pneeaaof  nutrition  is  carried  on  without  the  general  mass  of  the  body,  but  the 
the  slightest  apparent  inconvenience  or  entrance  to  it  Is  suirounded  by  teeth, 
change.  As  we  ascend  in  the  scale  of  which  are  generally  five  in  number 
bctn^  however,  these  vicarious  offices  (Jig.  80).  ^ftese  ■«i'»i*'f  afford  the 
cease  to  be  perfbrmed :  a  neoflo  organ 

isprovidedforeveryparticular function:  Mr.  M. 
the  function  can  be  executed  on^  tiy  its 
own  proper  organ,  and  if  the  organ 
be   destroyed    or   injured  the    aiumd 


T^acmg,  in  the  ascending  scale,  the 
snocessive  advancement  of  stmctun  in 
these  nmple  tmngs,  after  an  animd 
|ii«wsiinj|.  an  intern^  cavi^,  either  with 
nw  spertute  always  open,  or  with  the 
power  of  contracting  or  expanding  the 
mouth  of  llie  opening,  we  next  come  to 
a  eonqAcation  which  is  exceedingly  imr 
portant  It  consists  of  a  distinct  mem- 
braaons  tnbe  hiclnded  in  an  extend 
cnvdop,  the  external  envekn  Ibnning  first  trac*  of  distinet  organs  of  mastica- 
wbat  nay  be  property  termed  a  body,  tion.  With  these  tedh  they  sdie  upon 
and  the  mtenial  tube  affinrding  the  fliit  small  fiA  and  other  minute  animals,  on 
rufimeat  of  n  stomach,  or  rather  the  which  they  prey ;  fbr  lhese,;and  almost 
first  indication  of  a  special  digestive  all  the  lower  orders  of  creatures,  hve 
orgu.  The  animals  termed  tmrticMtw  upon  animal  matter.  In  the  echinus, 
■re  eonstmcted  in  this  manner,  and  tt  or  sea-hedgehog,  the  organs  of  maatica- 
faas  been  Utdy  concuved  that  the  vibrio  tion  are  stul  more  devdoHd. 
or,paMe  |ioasesi«s  an  anatogoui  ilnio-       Ascending  conndvnM.'j  \&.  •toftwate. 
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fre  come  to  the  arlicuiala,  in  which  the  mouth  of  the  leech  it  of  m  triu 
organf  of  digestion  are  veiy  much  more  Sgare.  It  is  [iimuhed  with  little  .  _^ 
perfect.  As  tn  example  of  the  struc-  edges  for  the  purpoie  of  dividing  the 
ture  of  this  clue,  we  may  Uke  the  leech,  skin  <Jg.21.)  Attachedta  the  mouth 
■n  animtl  funiUar  to  every  one.  The  it  »  strong  fteshy  phMynx,  which  is  the 
Fig.  81. 


ihup 


;  and  capacious 
stomBch.  consisting  of  a  membranous 
hae,  divided  by  several  septa  into  laitre 
cells,  'which  communicate  with  each 
other  by  oval  apertures.  Somewhat 
more  than  midway  down  the  body,  the 
inleMine  arises  from  ihis  extended  sto- 
mach ;  it  commences  l)y  a  small  funnel- 
shaped  valvular  opening,  and  terminates 
in  a  rainuie  anus  placcil  at  the  superior 
edge  of  the  posterior  disc.  But  though 
provided  \m11i  an  anus,  it  more  frt-- 
quenlly  discharges  its  excrementitious 
matter  from  the  mouth  than  through  its 
narrow  intestine,  and  thus  it  forms  a 
kind  of  link  between  the  inferior  and 


the  ascending  scale — the  criutacea.  In 
this  order,  as  in  the  crab,  the  lobster, 
the  prawn,  we  find,  for  the  Erst  time, 
the  organs  of  mastication  fully  and  com- 
pletely formed ;  we  have  jaws,  properly  so 
caUed(;tg'.22,23).  Norshouldweover- 
look  the  singular  stomach  with  which 
they  are  provided :  few  things  in  animal 
structure  are  more  curious :  it  is  formed 
on  a  bony  apparatus,  to  certain  parts  of 

Fig.  22. 


nn  uni  optutj  from   Ilii  oiupLa^t  ]ni[lk 
iriijt.  and  It  Ih<  loirtr  pan  ;  a,  trnl  mini 

which  around  the  pylorus  the  teeth  are 
affixed,  which  are  moved  by  distinct 
muscles,  and  so  arranged  that  nothing 
can  pass  the  pylorus  without  being 
completely  comminuted. 

Brief  and  imperfect  as  the  preceding 
sketch  must  appear,  yet  it  may  suffice 
to  convey  to  the  reader  a  general  idea 
of  the  progressive  advancement  which 
may  be  traced  in  the  structure  of  the 
digestive  oivans  from  the  lowest  to  the 
more  perfeclly  organized  animal.  And, 
in  fact,  at  the  point  at  which  we  have 
now  arrived,  we  recognize  evety  essential 
part  of  the  digestive  apparatus,  which 
IS  to  be  found  in  the  highest  animal. 
We  have  organs  for  apprehension,  for 
mastication,  for  deglutition,  for  diges- 
tion, for  excretion  ;  we  have  a  monlh, 
teeth,  jaws,  a  pharynx,  a  stomach  and 
intestines.  In  a  physiological  view, 
therefore,  more  especially  considering 
the  brevify  whioh  mnst  be  oluerred  in 
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thia  treatise,  it  is  unnecessary  to  trace 
Ifae  complication  further. 

In  all  tbehigher  ftnimnls  the  function 
of  diention  consists  of  four  distinct  acts', 
namely,  mastication,  de^slutition,  chymi- 
ficKtion,  and  chylification ;  to  which 
must  be  added  the  process  of  excretion. 
We  shall  first  of  all  describe,  very 
briefly,  the  apparatus  by  which  these 
actions  are  performed;  and,  secondly, 
consider  the  actions  themselves. 

1. — 0/th«  Orgatu of  MoilicaUon, 
Mastication  is  essential  to  diKCstion.  Its 
object  is  minutely  to  divide  thefood.  In 
air  animals  furnished  with  distinct  dila- 
tive oi^ans,  eipedienis  are  provided  for 
accomplishing  this  purpose.  These  ex- 
pedients are  varied  according  to  the 
Kind  of  food  on  which  the  animal  sub- 
sists, and  Rccoding  to  the  general  orga- 
nizaiion  of  the  body.  They  consist,  for 
the  inosi  part,  of  a  mouth,  of  teeth,  of 
jaws  furnished  ^ith  powerful  muscles 
to  act  upon  them,  of  the  tongue,  and  of 
the  salivary  glands. 

The  mouth,  consisting  principally  of 
Hie  lips,  and,  in  the  view  we  are  now 
taking  of  the  organ,  of  the  cheeks  also, 
b  formed  of  numerous  muscles  which 
are  capable  of  the  utmost  complexity 
and  diversity  of  action.  The  form  and 
"  n  of  the  teeth,  as  well  a*  of  the 


jaws  which  contain  them,  are  extremely 
varied;  and  so  strictly  are  these  diver- 
sities connected  with  the  peculiar  habits 
of  the  animal,  with  the  species  of  ali- 
mentary matter  on  which  it  lives,  and 
with  the  general  organization  of  its  body, 
that  naturalists  assume  these  oi^ns  as 
affording  the  most  clear  and  certain  ch»- 
racteis  on  which  to  found  the  basis  of 
their  systematic  classifications. 

Some  animals  live  entirely  on  vege- 
table, others  wholly  on  animal  matter, 
and  to  the  health  and  vigour  of  others 
a  mixture  of  both  is  necessary.  "Hiese 
differences  in  the  habits  of  animals 
require  a  corresponding  modification  of 
the  or^ns  of  mastication,  and  espe- 
cially of  the  teeth  and  jaws.  The  dif- 
ferences  observable  in  the  configuration 
of  the  teeth  have  led  anatomists  to  di- 
vide them  into  separate  classes.  Those 
situated  in  the  front  of  the  jaw  are  called 
incisores,  or  cutting  teeth  (/tg.  24) : 
these  bodies  are  wedge-shap^  <A  A). 
Placed  at  the  sides  of  the  incisores  are 
the  cuspidati  or  the  canine  teeth  (B  B): 
the  bodies  of  these,  also,  are  in  the  shape 
of  wedges.  Immediately  l>ehind  the 
cuspidati  are  the  bicuspidati,  or  the  first 
and  second  grinders  (C  C);  and  the 
largest  of  the  teeth,  placed  the  most 
posteriorly,  are  called  the  molares,  or 
the  grinders  (D  D).  In  every  difi'erent 
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««id*li  or»nlniwl.;C.C,C,C.>J«i 
P,D,I),D,D,  D,  ilu  iiisU{M,  or  |ri»din. 
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dut  of  animals  these  teeth  tu?  in 
strict  Mcoriiance  with  the  divarsily  of 
food  on  which  lliey  subsist.  Thus  in 
the  gnuiiinivorous  quadruped  the  mo- 
lares  art  krg«  and  broad.  Thdr  mag- 
nitude, indeed,  is  so  grtat  as  abso- 
lulelv  to  require  that  the  jaw  should  be 
much  elongated,  in  order  to  make  room 
for  them  l._fig.  26),  The  condyles  of 
the  ^4er  jaw  (a),  or  those  extremi- 
ties t^  which  the  loner  b  united  with 
the  upper  jaw,  are  rounded,  in  order 
that  the  lower  may  move  upon  the 
upp«r  law  with  the  utmost  freedom  in 
every  directioa,  but  especially  laterally. 
This  lateral  motion  b  indispensable  to 
the  action  called  grinding,  on  action 
peculiarly  adapted  for  the  comminution 


ikaOao. 


of  the  substances  upon  which  these  aiu- 
mals  feed.  It  is  worthy  of  remark,  thai 
in  the  horse,  which  crops  the  herbage  by 
snapping  it  crosswise,  there  is  this  fur- 
ther Liodificalion  of  the  teeth,  that  Ihe 
inci sores  have  broad  cutting  ed^es, 
which  meet  like  the  blades  of  pincers, 
the  precise  conformation  needea 

The  structure  of  ttw  teeth,  tad  the 
general  ligure  of  the  jaw  in  caniivoivus 
quadrupeds,  preseiils  a  striking contrasl 
(yfe-'^')-  In  Ibis  class  the  raolarej 
are  cimiparatively  small  (fig.  84),  «I 
tha  same  time  they  are  much  more 
poinU-d.  On  the  other  hand  the  ous- 
pidaii  are  remaricably  large  {fig.  M). 
and  the  incisores  in  genera)  arv  quite 
pointed  ifig.  24).    The  jaws  themselves 


>e  Norlk  Polir  Bear. 
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anduMt  (^.37,  (4.  Their  oondjlea  are 
■0  locked  in  by  jhe  fore  and  back  parta 
of  their  articular  cKvitiei,  thai  any  de- 
gree of  Uteral  or  rotatory  motion  if 
prevented  (Jl^.  27,  ft) ;  the  jaw  can  move 
only  in  a  vertical  direction,  or  b  capable 
only  of  alevalion  and  depresnon.  All 
Ibb  anangeinent,  it  it  obvious,  is  adapted 
for  lacerating  and  cutting  the  animal 
fibre.  Linng  entirely  upon  flesh,  Ihete 
animatt  do  not  need  a  grinding  motion 
oftbejnr,  but  they  require  a  ponetful 
onttinc  hntnioient :  hence  their  small 
•Bd  man  molare* ;  their  large  cutpi- 
dati:  fhelr  pointed  Biettorea,  and  tne 
prtvuguns  power  of  (be  mvides  by 
wbinth*  leetti  of  their  lower  an  doied 
npoil  tboM  of  their  u|)per  jaw.  The 
moat  raperfl^  eumination  of  the 
human  teeth  abows  that  tbw  bdd  a 
middle  nlaoa  between  thoia  of  herbivo- 
rous and  carnivorona  aiiinal*.  (Jig-  U> 
The  toDifue  is  a  wof  important  organ 
both  of  maalication  and  oT  def^utition ; 
it  coniista  almost  entirely  of  muscular 
anbalanoe,  covered  hy  mucous  mem- 
lirane.  Its  fibre*  are  variously  arnuged, 
■Dd  era  very  intimately  connected  to- 
gethcTt  so  aa  to  render  it  eapabla  of 
"  n  in  every  concavable  diiieciioo,  a 


to  be  acted  upon  by  the  teeth. 


«,  TsTotid  fiaai ;  i,  dot  fcr  on 


Hkm  bodiea  eon  vey  to  the  mouth  the  tab- 
VB  tb^  Becret^  by  niunerona  divta  whidi 
open  mio  it.    In  man  the  chief  adivary 


the  parotid,  situated  on  the  clieek ;  the 
submaxillary,  situated  beneath  the  lower 
jaw ;  and  the  sublingual,  situated  be- 
neath the  anterior  portinnof  the  tongue. 
These  glands  pour  into  the  mourn  a 
large  quantity  of  fluid ;  it  is  estimated 
that  ttiey  afford  about  eight  ounces  of 
fluid,  which  is  mixed  wiUi  the  fiiod  at 
each  meal. 

9.— or  Aa  Or^atu  qf  DiglitHHim, 
Theorganiof  deslutition  are  the  tongu^ 
the  phaiyni,  and  the  oesophagus.  The 
tongue  has  been  already  uescnbed  ;  its 
posEerior  pbrtiun  or  base  is  connected, 
through  the  medium  of  the  arctiM  of  the 
palate,  with  the  organ  termed  the  pha- 
rynx. The  pharynx,  so  called  from  its 
conveying  food  to  the  stomach,  and  air 
to  the  lungs,  is  a  large  muscular  bag, 
having  the  fbrm  of  an  trregular  funnel, 
the  large  opening  of  the  funnel  looking 
towards  the  moutli,  while  the  under  ana 
smaller  end  of  it  constitutes  the  tube 
whiah  leads  to  the  stomach,  termed  the 
(esophagus.  The  muscles  vrhich  com- 
pose the  pharynx,  and  with  which  it 
IS  connected,  are  capable  of  raising 
or  elevating  it,  that  is,  of  brinfring  it 
nearer  ttie  Mse  of  the  tongue ;  of  depres- 
sing it  or  carrying  it  from  the  bue  of 
the  tongue,  and  of  cauung  it  to  co&tifuA 
upon  itself,   that  1^   of  narrowiog  its 

.  -  lite  oesophagus,  called  also  the  gnlW) 
derives     its     name  Fig,  sg, 

from  its  o&ee  of 
eonduDting  the  food 
into  the  slomaeh.  It 
is  afleshy  tube  which 


neck,  passes  througji 
the  thorax,  and  ter- 
mioales  in  the  sto- 
mach (/g.30).  It  ; 
consists  of  three 
coats  or  three  mem- 
branous coverings, 
which  are  perfecilr 
distinct  from  eacn 
other:  the  first  is 
composed  principal- 
ly of  cellular  sub- 
atance;  the  second 
of  muscular  fibre ; 
and  the  third  of 
mucous  membrana 
The  second  ex  mus- 


Si 
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cular  cost  consists  of  iwo  layert  of  fibres ;  The  lai^  extreroilv  is  situated  on  the 

all  the  fibres  which  furm  the  external  left  side  of  the  IxKly  (/§-.  30,  e),  Ihe 

layer  have  a  longitudinal  direction;  all  blomnch  gradually  diminishes  in  bulb 

llioae  which  form  the  internal  layer  are  towards  Ihe  small  ixlremily   which   is 

circular.     The  fuiwtion  performed  by  situated  on  (he  right  side.    The  inferior 

this    tube    requires    that    it    should  border  of  the  stomach,  wliich  is  convex, 

possess  two  kinds   of  motion,  thai  of  is  termed  the  great  curvature,  or  arch 

■horteiiing  itself,  and  of  lessening  its  (_fig.  30,/) ;  the  supeiior  border,  which 

diameter.     It  is  obvious  that  the  con-  ii  also  convex,    is  named    Ihe  le'^ser 

traction  of  ils   longitudinal  fibres  will  curvature,  or  arch  <^,  3U,  A,  d).     TTie 

shorten  it,  and  thiit  a  conlraciion  of  its  two  orifices  or  openings  of  the  stomach, 

circular  fibres  will  narrow  it.    The  inner  are  situated  in  the  lesser  arch  {_fig.  30, 

or  mucous  coal  is  continued  from  Ihe  a,  p).    The  left  (Jig.  3U,  o)  is  formed  by 

lining  of  the  mouth;  it  is  formed  inio  the  termination  of  the  oesophagus,  and  is 

numerous  lonifiludinal  folds,  which  ex-  therefore  termed  the  cesophageal  open- 

pand  so  as  to  become  scarcely  visible  ing,  or  the  cardiac   orifice;    the  nglit 

when  the  ceiophagus  is  diialed,  and  it  is  <^.  30,  f)  is  formed  by  the  leimination 

always  abundantly   lubricated  with   a  of  Ihe  small  extremity,  and  is  denomi- 

mucous  fluid.  naled  the  pyloric  onlice.  It  is  about 
three  inches  lower  than  the  CBsophageal, 
and  is  iherefore  sometimes  termed  the 
inferior  orifice. 


■~0/  Ae  Organ  of  Chf/7ni^ealio\ 


Tbe  process  termed  chymificalion  is  The  structure  of  the  stomach  is  sim i- 
perfbrmedbytbe^onucb.  The  stomach  lar  to  tliat  of  itie  cpsophagtH.  It  pos- 
ts a  large  membranous  bag  situated  sesses  three  coats,  of  which  the  external 
obliquely  across  the  vppet  ^rt  of  the  derived  from  the  lining  membrane  of  ihe 
abdomen  (^.  30).  Its  figure  hu  been  abdomen,  termed  the  peritoneum,  ii 
denominated  the  peritoneal  coal.  The 
second  coat  is  composed  of  musculu' 
fibres,  hence  it  is  termed  the  muscular 
coat.  The  fibres  consist  of  two  planes, 
which,  like  those  of  the  cesophagus.  are 
arranged  in  different  direolions.  The 
exiemal  plane  is  lonpitudinal;  it  Is  in 
fact  a  continuation  of  the  longitudinal 
fibres  ofthecesophagus;  it  extends  from 
the  great  to  the  small  extremity,  and 
upon  each  side  of  the  iessar  curvature 
forms  a  thick  strong  muscular  band. 
The  second  plane  is  circular ;  it  forms  s 
layer  considerably  thicker  and  stronger 
than  the  other.  It  is  obvious  that  the 
effect  of  the  contraction  of  the  first  plane 
will  be  to  shorten  the  stomach,  or  to 
diminish  its  length  from  extremity  to 
extremity  j  that  the  efiect  of  the  con- 
traction of  the  second  plane  will  be  to 
narrow  ils  cavity,  or  to  diminish  ib 
capacity ;  and  that  Ihe  result  of  these 
alternate  or  combined  actiooa  upon 
the  contents  of  the  organ  will  be  to 
agitate  them  gently,  to  moTe  them  in 
various  directions;  and  since  Ihe  pyloric 
oriHce  is  three  inches  lower  then  the 
ha„  nF  i  iJo™".,^ ;.■"   ' —  ,".'  '"^    <Ksophag«al,  to  direct  them  ultimately 

lthastwoexlr*m,l.es(y^.30.r.dMwo    membrane.    It  is  pll^.  rha.^a      ! 


■aturea  (^.  3U,/,  b,  ill.  two  orifices    staled,  . 


f/g-  30,  a,  e),  and  three  coats. 


extremity  of  the 


stomach   0^.  ao,  »).     11111   rins  of 
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flbns  fonii'  what  uutomuta  lerm  a  variety  of  the  aourcet  whence  they  u« 

■phineler.  Mid  it  u  oUed  the  Sphincter  derived.    Accordinf^jr,  of  kU  the  org&a> 

Fjiori  (jg.  39.  C,  tnd  Jig.  40).     It  of  the  body,  the  itoinach  is  the  most 

completuy  clotea  the   aparture ;    and  exquititdr  aeiuitive ;   it  putalcei,  m  a 

tbi>  waa  mcenuT,  in  ta6u  that  the  moit  remukable  manner,  of  all  the 

aoateato  of  the  etomaob  wghl  not  gemni  action*  of  the  sjntem ;  it  mn< 

•M^e  bafim  thejr  had  been  duly  acted  i^thiies  with  all  the  changes  m  its  mdi- 

iftm  by  tbe  mgan :  at  the  same  time,  vidual  <»'gans ;  it  may  be  regained  as  a 

Inwevcr,   it  was  necessaiy  that  the  kind  of  common  centre,  by  which  all 

eeilM  diould  open  as  moh  as  the  the  organic  functions  are  connected  to- 

toiclioa  ibonld  be  oompleled.    It  was  sether   and   their  motions   regulated. 

lemilaHfc  thsefen,  to  constmot  a  valve  Por  ttus  reason  Hr.  Hunter  called  it 

irtaeb  silodM  eloee  the  ■pettun  as  long  the  centre  of  ^mpallue*.    This  adjurt. 

■■  was  BMassaiyt  and  wtuA  should  meat  wiU  tppeat  the  more  beautiful 

opea  of  ito  own  aeeord  (ha  moment  this  when  the  extent  of  the  system  of  the 

a— hary  action  waa  required._  Tlui  onans  and  functions  concerned  in  nu- 
maoa,  and  the  necesrity  of  providing 
some  meaiu  by  which  tbdr  varioot 


of  ipeeile  s 
woBderinl  n 


pnnr  of  enriractin^  on  uie  mGcatkn   ' 
of  ipeeile  stimuli  u  me  of  uie  most    i 

il  endowments  of  living  sub-    actionsraaybeeonnectedandcombined, 

it  is  a  property  peculiar  to  the    are  considered. 

r  flbtc,  and  will  be  fiiUy  K6-        .  __nftt.  n., .*  ni.MA^i.-^^ 

r irtNTvIe  treat  of  mnsoul^  ac       *— QT  «*  Orgtmt  </  Ck,fyfleahm. 

tion.  At  proent  our  only  object  is  to  The  o^ansof  chyliflcationeonsiitofthe 
point  out  the  admirable  use  whi^  is  email  nUestinet,  (Jig.  3IJ  the  pancreas. 
Bade  of  tUs  property  in  this  particular  0^.3S)and  thelivar(/^.38,AA).  l%e 
j—trmti  smJlinteetinea  arediiieettf  coneemedin 

llie  tlnrd  at  inner  coat'  of  the  sto-  «^  gg 

■adi  is  also  tenned  the  mucous ;  it  is  w*      ■ 

wtsanad  from  the  innes  coal  of  the 
pnphagns ;  but  it  has  man  of  a  v^et 
«eM»nce.    and  is  more   extenaive, 
itav  fblded  into  numerous  doubling 
■Hii  are  termed  rug»  U^.  3 1  )..It  is  tG 
Fig.  31. 


1  with  those  secretions  of  the 
organ  by  which  it  performs  the  most 
important  part  of  its  function. 

These  different  coats  of  the  stomach 
■ra  econeded  together  by  exceedingly 
dcheata  eallular  tissue.  Its  blood-veswis 
nd  nerves  are  more  abundant  than 
tluse  of  any  other  organ  of  the  body : 
its  ■erves  especially  are  remariiaUa^  not 
flrijr  lor  ttanr  mimJNrtbnt  ilw  te  tba 


A,  A.  Ik*  Ilw  niMd  to  ■tai 
fu*:  &  tk«  nU-UaUsr; 

_-  —    mi»iO,  tbi  p 


Fig.  34. 
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the  process  ;  lite  pancreas  an^  Ihe  liver  retinl  the  motion  a!  Itri  chyle,  in  orfw 
are  onlv  contribiiiary  lo  it.  The  inies-  th»t  it  may  be  more  re^ily  WM  com- 
linps  taken  toeether  consist  of  a  long  plelely  absorbed, 
cylindrical  canal,  which  begins  at  the 
pyloric  orifice  of  the  stomach,  nnJ  ter- 
minates in  theanns(^^.33).  They  are 
always  capacion*  and  long  in  proportion 
v.rt  the  food  lo  be  diRested  is  more  or  less 
analoRous  to  tlie  substance  of  the  animal 
it  is  intended  lo  nourish.  In  the  human 
adult  they  are  about  six  times  the  length 
oflhebodv!  in  children,  on'account  of 
their  inintler  stature,  they  are  about  ten 
times  the  len^h  of  the  body.  The  intes- 
tines are  divided  into  small  and  large. 
(Jig.  33).      The  amall  intestines,  the 


Tlie  sniatl  intestines  are  divided  into 
the  duodenum  {Jig.  32,  D,  E.  Hj.  the 
jgunum  and  the  ileum  {Jig.  32.  K  K). 
The  duodenum  is  so  large  aa  to  hare 
received  the  name  of  a  secondai;  >to- 
mach :  it  is  more  firmly  fixed  to  the  body 
than  tlie  other  intestines ;  it  does  not, 
like  Uiera.  float  loosely  in  the  abdoioen'; 
its  muscular  coat  is  thicker ;  its  mucous 
coat  presents  irre^ar  rug»  in  place  of 
valvula.-  conniventcs.  At  the  disI8n(^eDf 
about  three  or  four  fingers  breadth  trom 
the  pylorus,  it  ii  perforated  by  the  tenui- 
nalion  of  the  pancreatic  and  the  tHliary 
duels  {Jig.  32,  FQ;  49,  F>,  which  pour 
into  it  the  pancreatio  juice  and  the  bile. 
Innumerable  mouths  of  lacteal  vessels, 
hereafter  to  be  described,  b^in  to  ap- 
pear in  this  organ,  for  the  purpose  of 
absorbing  the  chyle ;  it  is  here  especially 
that  the  chyle  is  formed :  the  chief  use 
of  the  jejunum  and  ileum  appears  to  be 
to  affora  space  for  the  diatributioQ  of 
(he  open  mouths  of  the  lacteal  vessels 
by  which  it  is  absorbed :  hence  in  these 
intestines  the  ralvuln  conniventes  are 
large,  the  villi  prominent,  and  ttK  lacteal 
vessels  much  more  numerous  and  ma- 
nifest. 

The  pancreas  is  a  salivary  gland  si- 
tuated in  the  upper  and  back  pari  of 
the  abdomen,  t)etween  the  spinal  column 
and  the  stomach  {Ji^.  33,  CJ.  its  office 
is  to  secrete  a  peculiar  fluid  very  analo- 
gous to  saliva,  which  it  pours  mto  tlie 
duodenum  by  adistinctduct  (flg.49,  E  E,l 
at  the  point  already  indicated  (^.  31I,G|. 

The  liver,  the  largest  gland  in  the 
body,  in  like  manner  aectvtee  a  peculiir 


A,  A.  lliaUT*r:B.tli(giil]-bl>dJm  C,C, 
nmiti  1  [>.  D.  D.  D,  th<  tuxll  iitMtii 
£,  domiBncAiiivnt  of  lArge  intaUiiHta  in 


jnly  part  of  the  tube  concerned  in  the 


{_fig.48)  possessing  the  same  number  of 
coats,  which  are  arranged  in  the  same 
manner,  excepting  that  the  internal  or 
mucous  coat  is  plaited  into  numerous 
transverse  folds  termed  vaivuleB  con- 
nivmttt,  {fig.  34),  the  object  of  which 
is  to  extend  the  surface  of  the  membrane, 
in  order  to  afford  a  ereater  space  for  the 
absorbing  mouths  of  the  lacteal  vessels, 
and  at  tne  same  time  to  perform,  in 
■ne  degree,  the  function  of  val?es,  to 
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sorb  the  more  fluid  putt  of  the  I 
■o  that  nothing'thKt  ckn  ultiipi^y  con 
tribute  to  nutiition  may  be  loit.  Ihe 
chief  peouliftritiei  of  their  Ktruetu're  ap- 
pear (o  be  intended  to  render  ttie  pro- 
ne  of  their  oontents  slow ;  to  rHain 
1  a  ooniiderable  time ;  and,  at  laet, 
to  allow  them  to  be  evacuated  tHdy  at 
certain  intervelt,  a  diiposition  which  a 
moment's  consideration  will  show  to  be 
absolutely  essential  to  the  comfort  of 
the  animal 

ttiu  in  tA<  Aer- 


'  it'K  A«  ■*dn  HftM  of  Ik*  IWtr  lonal  db- 
'      MUli,  aid  to  lb  lirtt  lid*!  B,  At  wtO- 

liwd,  ttomd  Bte  bile,  which  it  poura 
into  Um  (faMdcBum  b;  a  distinct  duct, 
called  tba  duetUM  eommunit  choUdochua 
ifg.  4  9,  C,  F,}  at  the  same  point  as  that 
Bit  whidi  the  duct  of  the  pancreaa  peaa- 
tnlesitOV-49,  F). 

i. — (ytke  Orgofu  qf  Exeretion. 
Um  Ofgana  of  excretion  are  the  laiwe 
iotartiiiee.  (Jig.  33,  £,  F  F  F,  G,  U,  .1.) 
Hmv  are  divided  into  ctBOum  IJlg.  33. 
a),Miloii  i/lg.  33.  F  F  F),  and  — ' — 


[  the  valve  of  the  colon,  whidi 
dom  a  free  passage  for  tha  ooo- 
Inta  of  the  small  into  the  large  in- 
taateea.  but  completely  prevents  tbcir 
rettm.  This  valve  is  formed  by  the 
mneoua  membrane  of  the  intestine ;  and 
tbe  valvular  qtparatus  thus  placed  at 
the  comnuncament  of  the  laree  intes- 
tioH,  points  out  distinctly  that  the  func- 
tion perfinnied  t>y  these  two  parts  of 
the  canal  is  estmtially  different,  and 
imfiealet  irith  premaion  ttie  very  point 
who*  the  function  of  the  small  intes- 
tines ceases  and  that  of  the  large  com- 
mences. Without  doubt,  the  great 
phfstoloRiesl  difference  between  these 
two  portions  of  the  alimentary  canal  is 
that  the  small  intestines  constitute  the 
organs  in  which  the  chyle  is  formed 
and  absorbed ;  while  the  large  inlea- 
tinea  constitute  the  organs  ty  which 
the  ivfnse  matter  is  canied  oat  of  tlie 
nstem.  Few  or  no  lacteal  vesada  are 
fcuid  in  their  entire  tract;  and  in  a 
riala  of  beahh  they  are  not  observed  to 
jM^fjn  ehylfc  They  are,  however,  fur- 
nUied  wiut  *  watOsntik  Dumber  of 


Such  are  tha  structure  and  arrangement 
of  the  digestive  apparatus  in  man,  and 
in  tbe  aidinals  which  most  nearly  re- 
semble him.  In  certun  animals  which 
live  npon  particular  kinds  or  food,  a 
part  of  thia  apparatus  ia  modified  in  a 
verf  femariuLUe  manner.  This  is  es- 
pecially the  case  with  the  herluvorous 
quadr^Md.  The  modification  of  the 
organs  of  mastication  in  this  class  has 
already  been  spoken  of.  The  adaptation 
of  the  structure  and  disposition  oiits  sto- 
mach and  intestines  to  the  food  on  which 
it  inbaitta,  ia  squally  striking  and  curi- 
ous. Living  siMely  upon  grass,  which 
eontaioa  only  a  nnall  proportion  of 
nouriihnunt  m  a  lai^  bulk,  and  which 
at  tbe  same  time  requires  a  great  dnj 
of  mastiaatiim,  these  animals  would  be 
absolutely  inei^ble  of  procuring  suffi- 
oient  nvtncnt  matter,  and  of  preparing 
it  properly  fbr  the  action  of  the  stomach, 
without  incessant  locomotion,  were  Ibis 
nvan  constmcled  as  it  is  in  man.  The 
wul-being  and  ease  of  the  animal  ia 
provided  for  by  an  exceedingly  curious 
conAmnation.  Taken  altogether,  the 
stomach  ia  of  prodigiuus  extent  in  all  the 
tribes  of  tUsdaat.  It  is  divided  into  four 
distinct  compartments,  farming  four 
separate  tMSs  {fig.  36) :  into  the  first  of 
these,  which  is  termed  the  paunch,(;^. 
36,  AA)|the  food  is  swallowed,  as  it  is  col- 
ledcdiWith  little  mastication.  Inlhitbog 
it  is  macerated  in  a  considerBble  quantity 
offluidatamoderately high  temperature. 
From  tlie  paunch  it  paases  into  a  smaller 
bag,  called  the  reticulum  (^.36.  B): 
from  the  reticulum  it  is  again  returoed 
into  the  mouth,  where  it  is  masticated  a 
second  time,  aiid  now  completely  com- 
. minuted;  ami  this  is  Uieproeess  termed 
"ruminraon."  Inlhis  manner  Iherumi- 
nant  animsi  fills  its  capsciaus  ^aun^ 
with  aubnent  maJJiai  •ft«Y«.vm%«iA&i 
mutinledilv  il^  ttiim\xlaiua''AMS.>«k 
^1 
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mt,  and  at  its  ease  'retonu  its  food  m 
second  lime  into  it*  month  in  ■  mace' 
rated  and  softened  state,  in  order  to  be 
completely  mastieated ;  altertbis  petfect 
maiucation,  it  ii  again  smllowea :  but 
it  doe*  not  enter  a  aeeond  time  ather  into 
the  first  or  the  second  bac,  but  passes  into 
the  third  (^.  36,  C),  which  is  called  the 
omasom,  irbere  it  undei^es  further  and 
i^.  35. 


Bpedfic  changes,  and  from  the  third 
itpasses  into  the  fourth,  ifig.  36,  D), 
termed  the  aborntuum,  which  last  is 
perfectly  similar  both  in  structure  and 
function  to  the  simple  stomach  of 
the  other  munmalia  and  of  man.  It 
has  been  already  staled  that  the  in- 
testines are  alnaya  capacious  and  long 
in  proportion  as  the  food  to  be  digested 
is  less  analogous  to  the  substance  of  the 
animal  it  is  intended  to  nourish :  thus, 
in  some  species  of  ruminant  animals,  as 
in  the  ram,  this  tube  is  tnenty-seven 
times  the  length  of  the  body,  while  in 
carnivorous  animals  it  is  short  and 
straight;  the  food  on  which  they  feed 
being  already  nearly  of  Iheir  own  nature, 
and  containing  a  large  quantity  of  nou- 
rishment in  less  bulk,  a  smaller  propor- 
tion both  of  time  and  space  are  required 
to  fit  it  for  use. 

In  graminivorous  birds  there  is  astill 
more  curious  modification  of  this  port 
of  the  digestive  apparatus.  The  entire 
oi]ganizatian  of  the  bird  is  constructed 
with  a  reference  to  lightness,  in  order  to 
adapt  it  for  flight.  Many  birds  ore  car- 
tuvorous.  In  these  tribes  there  was  no 
peculiar  difficulty,  because  their  food 
being  already  analogous  to  their  own 
twture,  it  was  only  oecesaai;  to  make 


the  menstmum  by  which  it  is  diasolred. 
powerful  and  abundant  to  dispense  with 
mastication  altogether,  and  yet  to  dis- 
pose the  stomach  and  intestines  in 
anuUer  apace;  and  ttiis  is  the  plan 
adopted.  But  a  s>'<^'Lt  number  o{  liiriJs 
live  upon  vegetat)le  matter,  and  cannot 
be  brought  la  subsist  on  animal  food- 
It  was  utterly  impossible  to  give  to  a 
creature  Sited  for  flight,  the  enormous 
st  omach  and  intestines  ofthe  herbivorous 
quadruped.  Were  the  bird  furnished 
with  teelh,  Ihc  general  conformation  of 
the  class  must  also  be  departed  from, 
Thus  the  bird  is  to  live  upon  vegetable 
matter,  to  be  destitute  of  teeth  to  mas- 
ticate its  food,  and  at  the  same  time  its 
stomach  and  intestines  are  to  occupy 
onW  a  aauM  compass.  How  are  these 
ditterent  und  opposite  objects  to  be  ef- 
fected ?  They  are  accomplished  hy  a  mo- 
dification of  ihe  digestive  apparatus,  so 
simple  and  yet  so  effectual,  tnat  il  canaot 
be  contemplated  without  admiration. 
In  the  first  place,  Ihe  food  of  the  biril, 
though  of  a  vegeittble  nature,  is  nol  in 
general  grass  which  contains  the  smallest 
proportion  of  nutrilive  matter  in  a  pven 
bulk,  but  grain  which  contains  the 
Ifti^est.  Then,  in  order  to  obviate  the 
necessity  of  teeth,  to  dispense  with  (he 
process  of  rummation,  and  to  accom- 
pUsh  the  resolution  of  hard  grains  and 
seeds  inio  a  soft  and  pultaceous  mass, 
the  following  expedient  is  adopted.  In 
the  first  place  a  membranous  bag  is 
provided,  called  the  crop  or  craw,  which 
receives  the  food  from  the  mouth. 
shghtly  softens  it  by  a  mucous  fluid 

Fig.  37. 
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Mcreted  from  its  internal  lurface,  and  second  will  be  given  an  account  of  the 

thus  prepared,   it  is  transmitted  into  theories  which  have  be^  invented  to 

the  organ  called  the  gixzard,  one  of  connect  and  explain  them* 

the  most  curious  structmres  in  the  whole  Digestion  may  be  defined  to  be  that 

mnimaleconomy(/^.37).  Thegixzardis  process  by  which  the  aliment  is  sub- 

oomposed  of  thick  and  tough  muscular  lected  to  a  certain  succession  of  chai^opes, 

aobstanoe.  small  in  size,  but  more  power-  oy  means  of  which  it  b  fitted  for  nu« 

All  in  its  action  than  the  strong^  jaw  tntion. 

bone.  It  consists  of  four  distinct  muscles.  Aliment  is  either  solid  or  fluid;  the 

a  laige  hemispherii^  pair  at  the  sides,  process    for  producing  the  requisite 

and  a  small  pair  at  the  two  ends  of  tiie  changes  in  each  is  considerably  dif« 

cavity.    By  tneir  alternate  action,  these  ferent 

muscles  produce  two  e£Ei9cts ;  the  one  a  -^.,    rv  ^  j--       ^o  ^^  >•»•      - 

coitttant  firiction  on  the  contents  of  the  QrwtfX^ertiow  qfSohdAltmmt 

cavity,  the  other  a  pressure  upon  them.  In  the  digestion  of  solid  aliment  the 
These  muscles  are  lined  with  a  cuticle  following  changes  take  nlace,  andin  the 
which  is  extremely  callous,  and  which  following  order:— The  rood  received  by 
often  becomes  cartila^ous  and  even  tiie  mouth  underaoes  a  ^^reat  degnree  of 
homv.  The  prodigious  power  with  comminution  and  softemng  by  the  or- 
which  these  muscles  act,  and  the  cal-  gans  of  mastkation.  When  thus  dulv 
lous  nature  of  the  cuticle  that  lines  prqmied.  it  is  transmitted  to  the  stomach 
them,  were  shown  in  a  strildqf  manner  oy  the  act  of  dtt^utition.  In  the  sto- 
tf  Reaumur  and  Spallanaani.  ^^ese  mach  it  is  converted  into  a  uniform  and 
diitmguishedphysiolagists  in  the  course  almost  fluid  mass,  which  is  termed 
of  their  experiments  compdkd  geese  chyme.  The  chyme  passes  from  the 
and  other  bundsto  swaflow  needles,  Ian-  stomach  into  the  first  intestine  or  duo- 
cets,  and  other  hard  and  pointed  nib-  .  denum(^.  32,  D,£,H),  in  which  organ 
staaoea*  In  a  few  hours  after  the  ex-  it  undeigoes  a  fvurther  change.  B  v  the 
penment,  the  Inrds  were  killed  and  ex-  action  of  certain  secretions  whicn  are 
amined;  the  needles  and  lamsets  were  here  added  to  it,  it  is  separated  into  two 
vniformlyfaundbroken  off  and  blunted,  distinct  and  exceedingly  different  sub- 
without  the  slightest  injury  having  been  stances,  one  of  whi^  is  termed  chyle 
sustained  by  me  stomach.  Mi^  of  and  the  other  fsecula.  The  chvle  is  the 
these  Impedes  assist  the  action  of  the  gix-  nutritive  portion  of  the  aliment,  and  is 
sard  upon  the  food  by  swallowing  peb-  conveyed  by  a  particular  set  of  vessels* 
bles,  which  in  some  measure  serve  the  the  structure  sind  the  course  of  which 

Surposeofteeth,  and  some  tribes  cannot  are  hereafter  to  be  described,  into  the 
igeit  their  food  without  this  aid.  Mr.  blood.  The  fecula  is  that  portion  of 
Hunter  observed  that  the  size  of  the  the  aliment  which  is  not  conducive  to 
pebbles  is  always  in'proportion  to  that  nourishment,  and  which  is  conveyed  out 
of  the  ffizzards.  In  the  g^ard  of  ttie  of  the  body.  The  conversion  of  the 
turkey  he  counted  two  hundred :  in  that  crude  aliment  into  these  different  snb- 
of  the  goose  a  thousand.  The  more  the  stances  involves  processes  of  great  corn- 
student  of  nature  contemplates  these  plexity  and  obscurity ;  but  the  accumu- 
modifications,  and  the  more  the  ]^^-  fated  observations  and  experiments  of 
siologist  succeeds  in  discoveriiu^  &eir  physidogists  have  put  us  in  possession 
use,  the  more  perfM  and  beautiml  the  of  many  curious  and  important  fscts 
adjustments  appear.  relative  to  the  phenomena  which  take 
O/theF^mciionqfDigeiiion.  place,  and  to  their  order  of  succesrion. 

The  assemblage  of  organs  which  has  ^^  MasHcoHan  of  the  Food. 
been  described,  constitutes  the  appara-  The  first  pert  of  the  di^tive  process 
tus  of  digestion:  their  action  by  which  may  be  considered  as  entirely  mechani- 
they  prcwkice  the  requisite  series  of  caL  Iton  the  comparative  view  which 
changes  upon  the  aliment  constitutes  has  been  exhibited  of  the  afmaratus  for 
the  function.  mastication,  we  leam,^that  whatever  be 
In  expounding  thb  ftmction  we  shall  the  structure  of  the  animal,  and  what- 
ftrst  consider  the  changes  themselves ;  ever  the  nature  of  the  aliment  on  which 
and,  seoondly,  the  means  by  which  they  it  subsists,  it  is  furnished  with  appro- 
are  effected.  Under  the  first  head  wiu  nriate  organs  for  the  puri^cMC  of  break- 
be  addueed  the  particular  feets,  or  phe*  mg  down  or  minutely  dividing  its  food. 
wnumk  of  difl^on,  and  under  the  Sometimes  this  ol:jeGt  is  aocompliabed 
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by  mulicatlon ;  at  olhera  by  triturft^  is  the  mtUinmaiit  of  the  i>b)«ot  in  tbt 

faon-;  at  others  ngoin  by  ■  cnmbinition  moit  p«if»et  minner. 

of  both  actions :  but  whataver  ba  th«  Ai  acfon  as  it  ii  suffioieatly  eonnnl- 

expetfient,   the  remit  ii  uniformly  the  tinted  bv  ihe  teelh.  Ihe  aliraent   is  col' 

aaflM— themlnntediviilonaf  IhealimenL  lected  ttigdher  and  moulded  into  a  suit- 

This  pwparatoiy  atep  it  uialogoua  to  able  form  by  Ihe  combined  action  of 

thatWhiohianeoeMary  to  mwy  chiral-  Ihe  muscles  of  Ihe  cheeks  and  tonpte. 

c^  cpinbinalions.     Substances  which  Thusprepitred.lheraorselisconveyRlby 

are  capable  of  exerting  on  each  other  Iheactionof  iheseorganstothedorsnin, 

the  xnosl  powurful   iiolioii,    IVeijutntly  or upperandbacliparloflhelongue.gnd 

produce  no  change  whale ver  until  the  Ihe  tongue  pressing;  with  its  apex  ogainat 

attraction  of  cohesion  is  diminished,  and  the  piUate  as  aG;ainst  a  Ailcrum.  conveys 

at  other  times  not  until  they  we  reduced  it  into  the  pharynx,  a  museulo-mem- 

to  B.  soRened  state.    Great  care  haa  brinous  bag  situated  in  the  hack  part  of 

been  taken  in  all  animals  to  brin^  llie  the  throat  (Jig.  36,  a  it  a),     liy  one 

food   into  both  oordilions   Iwfore  it  is  „. 

transmitted  to  the  oi^n  in  which  the  J'jg'-sa. 
proper  digestive  process  is  performed. 
We  have  seen  that  in  roan,  the  mem- 
brane which  lines  the  whole  internal 
'miface  of  (he  mouth  secretes  a  mucous 
fluid  whioli  is  mixed  with  the  food ;  that 
tniicous   follicles,   situated   in   diflbrent 


kind  of  fluid,  and  that  there  _.  _  ...  _ 
dition  six  Inrge  glands,  termed  salivary, 
three  placed  on  each  side,  the  special 
ofilcie  of  which  is  to  prepare  the  lalivn, 
which,  as  has  been  «tat»d,  flows  in  such 
abundsnee  during  niaslicalion  iliat  ac- 
cording to  tlie  common  estimation  it 
amount!  to  upwards  of  eight  ounces 
during  a  single  meal.  It  can  scarcely 
be  doubted  thai  the  maceration  of  the 
crude  uliment  in  a  fluid  thus  atnmdantly 
and  espeoloily  provided  for  the  purpose 
by  secretion,  exerts  some  influence  over 
it  t>eyond  that  of  merely  softening  it. 

<:^  Deglutition, 
When  the  food  is  oompletely  commi- 
nuted, and  sufficiently  softened  by  im- 
bibing the  fluids  of  the  mouth,  it  is 
conveyed  into  the  stomach  by  the  action 
of  deglutition.  Deglutition  is  not  a  me- 
chanical, but  is  aJtOKether  a  vital  action. 
The  food  does  not  descend  through  the 
cesopha^us  by  Its  own  jfravity,  but  ia 
propelled  by  muscular  conlraclion.  Few 
parts  of  the  animal  structure  exhibit  a 
more  lieauliftil  specimen  of  mechanism 
than  the  arrangement  and  action  of  the 
organs  that  are'ooncemed  in  this  func- 


»:  DT  ■  PUbUtW  vu..  ,.   . , ,_,..,,. 

oUiitpwu  itHDrilwd  I  ■,  a,  a.  a,  nprnnl  Ibi 
IK*  t]»rof  Ihrphirrai  onl  oftu  !■  ordem 
nilow  the  nlher  orfagi  U  be  Hn  :  h,  tfc*  rm- 
tinuauiin  g(  lilt  hkg  of  ibn  nkiryni,  whidi  u 
Kn  U  bi  nalurud  lito  ^  fen.  af  ■  b.\^. 


■  I  «,Ik*.|4clMII.; 


tion.     Simple  and  easy  ai  it  appears,  it  ""  '""""" 

is  reaUy  extremely  complicated :   it  is  set  of  muscles,  with  which  it  Is  in  con- 

produoed  by  the  wntraction  of  a  great  nection,  the  pharynx,  the  mommt  the 

number  of  muscles,  and  it  requires  the  tongue  is  ready  to  transmit  the  morsel 

concurrence  of  several  ve^'  important  to  it,  is  dr»wn  upwards  in  order  to  re- 

or^ns.     Kach  pan  of  the  apparatus  oeive  it ;  and  by  another  set  of  muscles 

produces  an  independent  specilio  efttet,  it  is  also  at  the  same  insUnt  expasded. 

and  the  result  of  thsir  oombuied  aolion  this  simultaneous  elevation  and  opening 
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of  tlM  bag  being  indispeniaUe  to  it«  elosure  of  its  opening,  only  for  a  fbw 
reception  of  the  food.  Having  received  seconds,  would  matmally  obebruet  the 
the  BMXvel,  the  mnseles  of  which  the  function  of  respiration,  one  of  the  most 
pharynx  is  oompoied  are  stimulated  to  indispensable  functions  vd  the  animal 
eontraotion  by  its  contact.  By  the  eon-  eeonomy,  M.  Magendie  has  shown 
traatioQ  of  these  museles  the  morsel  ia  that  the  progpness  of  me  food  through  the 
eompreaied  and  propelled  into  the  oeso^  oesopha^s  is  eueeding^y  dtflarent ;  that 
phagna.  whieh  latter  oigan  is  constantly  it  occasionally  stops  at  cUffo-ent  parti 
inpt  m  a  moistened  state  bv  mucous  of  the  passage ;  that  it  remains  some 
fluid,  wliieh  considerably  fadntates  the  time  at  each  station,  and  is  often  two  or 
paasage  of  the  fbod.  Numerous  other  three  ndnutes  in  reaohing  the  stomach, 
openingi  (Jig.  SB%  several  of  them  of  For  the  reason  just  assisned,  were  thia 
eonakiarabie  siie,  and  which  are  eoofi  delay  to  take  place  in  ue  pharynx,  it 
neded  with  oigansthatimform  some  of  would  inevitabfy  occasion  deitth.  De^ 
the  most  important  functions  in  the  eoo^  glutition,  then,  consists  of  three  distinct 
nomy,  araaitnated  either  in  the  pharynx,  stages ;  first,  of  tfcw  passage  of  the  food 
or  in  its  immediate  neighbourhood*  It  from  the  mouth  into  the  pharynx ;  scr 
was  noeesisiy  to  guard  with  spooia)  condly,  from  the  pharynx  into  the  a»o» 
careagaiaattBaeatraiioeofthefboaintQ  phagus;  and  thirdly, from  the casophagus 
tither  of  thaaa  ODcnings,  for  such  w  uito  the  stomach, 
event  would  be  attended,  m  amr  caae^    ^-^.     .  _.  ^^.    -,    . .    ^. 

with  gmt  iwoiivenience,  and  in  sraMp    Of  i^  Arrangmmt  qfthe  fbod  m  ih4 
with  aiamtaataiit  death    ThtTarie^,  Smmfh 

the  ■Jmilailj,  and  yet  the  elBeai^  of  th«    We  owe  U^  Dr.  Wilson  Philqi  an  mte» 
whieh  are  adopted  to  pro*    restina  account  of  the  phenomena  which 
an  ocednence,  eamiot  ba    take  ^ce  immediately  after  the  food  ia 
pd  without  the  highest  admin    reeeived  hy  the  stomadi    The  atinaen- 
latioik  '  tary  maM  passes  first  into  the  car^ae 

fimm  tta  pharynx  the  food  is  eon^    portion  of  the  organ  (Jg.  ao,  6).    It  is 
leyad,  as  wer  nave  seen,  to  the  oNophsM    In  this  part  of  the  stomich  that  diges. 
gnsQlg.88,  ft).  The  superior  partof  the    tion  ia  most  aetivdv  performed.     In 
(rsoptiagns,  wldch  is  continuous  with  the    eases  of  sudden  deatn,  after  a  fidl  mail 
phaiynx,  is,  like  it,  at  fbrst  expanded  to    taken,  when  the  person  was  in  somid 
receive  the  morsdl,  and  is  then  excited  to    health,  the  coats  of  the  stomach  itsdf 
eontrietion  by  its  contact   By  this  coo-    are  apt  to  lie  digested  f  but  this  diges* 
traction  it  is  propelled  onwads ;  the    tion  of  the  omn  is  most  oommonly 
Queas  vrith  which  the  entfav  surface  of    fbund  in  its  earmae  portion*    Dr.  Phil^ 
the  oesophagus  is  lubricated  flacilitating    states,  that  if  a  rablnt  be  killed  soon 
its  passage,  while  the  pressure  of  the    after  eating  a  hearty  meal,  the  cardiao 
morsd  i£ove  first  of  all  distends  that    extremity  will  be  found  completely  di« 
part  of  the  CBSophaffus  which  is  immedi-    gested  in  almost  every  instance ;  but  that» 
stely  l)elow,  and  then  by  its  presence    m  the  numerous  experiments  he  has 
limulates  its  muscular  fibres  to  con-    performed,  he  never  saw  the  coats  of 
traetion*    By  these  alternate  dilatations    the  organ  eaten  through,  excepting  at 
tod  eontraetions  the  morsel  is  at  length    its  large  end.    Although,  after  death, 
prqpdkd  into  the  stomach.  the.  stomach  must  be  eq[ually  subject  to 

($n  carefully  observing  these  succes-  the  aotion  of  the  gastnc  juice  as  any 
sive  actions,  it  is  found  that  the  morsel  other  dead  animal  matter,  yet  it  is  not 
passes  with  very  diflPerent  degrees  of  a  little  extraordmary  that  the  gastrio 
rapidity  throu^  diflferent  parts  of  its  Juice  of  the  rablnt  wnich,  in  its  natural 
course.  On  watching  the  action  of  the  state,  refuses  animal  food,  should  be 
organ,  Boerhaave  was  so  struck  with  the  capable  of  digestfafig  its  own  stomach,  so 
extreme  rapidity  of  its  motion,  that  he  completely  aa  to  leave  not  a  single  traoe 
said,  the  food  is  transmitted  through  of  the  parts  on  which  it  has  acted, 
the  pharynx  by  a  convulsive  action  of  The  digestion  of  the  fbod  always  takes 
its  nrasdes.  ne  necessity  of  this  will  place  fipom  the  surfsce  towards  the  oen« 
be  perceived,  vHien  it  is  remembered  ire  of  the  mass  i  the  nearer  it  lies  to 
that  the  larynx*  the  commencement  of  the  surlkpe  of  the  stomach  the  more  it 
the  air-tube  of  the  lungs,  is  placed  be«  is  acted  on,  uid  that  part  of  it  which  ia 
foie  the  pharynx  {Jig.  38,  d^c/i) ;  that  this  in  actual  contact  with  iu  viaDL  Sa  \&sst^ 
air-ttibamaH  necessarily  be  closed  while  diguted  than  am  c^acint  ^i^mu 
the  Ibod  puseB  over  tt,  and  tbil  the       ItieiiewlQolttnaNfKXDfixndL'w^^^i^ 
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old ;    the  new  is  almyi  found  in  the  ■  greyish  colonr,  of  a  shttp  odour,  kod 

oentre,  surrounded  on  all  ndn  by  tha  of  an  acid  Uite,  reddening  p^iv  w 

old :  if  the  old  and  the  new  are  of  dif-  loured  vrith  turnsole.    It  »  eommonly 

ferent  kinds,  the  Une  of  separation  be-  said  to  be  perfectly  bomogeneooa  in  id 

tneen  them  is  to  evident  that  the  old  nature ;    and    thai,  whatever    ba  the 

may  be  completely    removed  without  ipecies  of  the  food,  the  multtng  man 

disturbing  tlte  new  ;  and  if  they  are  of  ii  unifbnnly  the  same,  never  exhiUting 

different  colours,  that  line  can  often  be  any  of  the  seniible  prmertiei  of  tt« 

distinctly  traced  throufi;h  the  walla  of  crude  alimentary  matter.  Butthii  itate- 

the  organ  before  it  is  opened.  ment  is  not  conect :  for  we  lean  by 

In  proportion  as  the  food  ii  du;etted.  actual  experiment  that  chyme  producea 

it  is  genUy  moved  along  &om  the  car-  from  v^etable  difRn  in  <M)lour,  m  eon- 

diac  ifig.  30,  A)  towarda  the  nykmc  eitd  giatence,  and  in   aonw  other  MraMe 

(i^.30,«).  ABthelayerwtuchhesnext  properties  from  that  laoeuicd  frwa  am- 

the  Bur&ce  of  the  stomach  first  un-  jnal  suhslnnt-e. 

dergoei  the  requisite  change,  and  is  pro-  When  Itius  completely  formed  in  the 

pelled  onwards  by  the  muscular  action  atoraach,  llie  chyme  is  gradually  pro- 


mitted  to  the  same  process.    The  ga>-  organ    tovrardx   its   pyloric    extremity 

trie  juice,  at  the  same  time,  pervades  in  (_/^.  30,  e).     Here  it  accumulates  in  a 

a  greater,  or  less  degree,  the  entire  ali-  certain  quantitv  Ijefore  it  is  permitted 

mentary  mass,  so  that  when  the  central  to  pass  throuKh  the  pylorus :  which,  as 

part  comes  into  contact  with  the  but-  has  been  staled,  coitsisis  of  a  ring  of 

face  of  the  stomach,  its  digestion  is  tX-  musctiliir  fibres,  of  the  structure  and 

ready  considerably  advanced.  arrangement  of  which  it  is  impossible 

The  food  remains  in  the  stomach  np-  to  convey  an  accurate  idea  by  any  plate; 

wards  of  an  hour  before  any  change-m  but  (he  position  of  which  is  reprNenltd 

it  becomes  perceptible.    It  is  commonly  by  the  white  ring,  marked  d,il,ia  Jig. 

stated  that  a  meal  is  completelydigested  a^-  while  its  opening,  through  wbiA 

in  the  human  stomach  in  about  four  the  chyme  passes,  is  pointed  out  by  the 
or  five  hours.    If  this  statement  be  er~ 


rect,  the  digestion  in  other  animals  is 
much  slower.  In  eiperimeiits  per- 
formed on  dogs  which  had  eaten  as 
much  flesh  as  they  chose,  and  which 
were  killed  six  hours  after  the  meal,  it 
was  found  that  the  stomach  was  stlU 
nearly  full,  and  that  the  surface  of  the 
food  next  the  wall  of  the  stomach  was 
acted  on  throughout  in  the  manner  Just 
described.  From  the  experiments  of 
Dr.  Phihp,  it  appears  that,  in  the  rabbit, 
the  central  part  of  the  mass  of  food  in 
the  cardiac  portion  of  the  stomach  was 
not  as  much  digested  as  that  next  the 
surface  of  the  organ,  until  the  animal 
had  fasted  sixteen  or  eighteen  hours. 
And  Sir  Everard  Home  states  that  the 
stomach  of  this  animal  is  never  com- 
pletely empty,  but  that  when  it  dies 
after  lasting,  however  long  continued,  it 
is  always  found  to  contain  a  consid^- 
able  quantity  of  food. 

It  has  been  stated  that,  as  the  aliment 
is  digested,  it  is  gradually  accumulated 
at  the  pyloric  extremily  of  the  stomach. 
This  portion  of  the  food  has  experientied 
the  most  complete  digestion  which  it  is 
capable  of  undergoing  in  this  organ, 
and  is  termed  chyme.  Chyme  is  a  pul- 
Uceous  and  almost  fluid  substance,  of 


Fig.  39. 


a,  prloric  tilrtailjr  of  ihi  I'oiMeb ;  h,  t.  Hctita 
of  (hi  brninililiK  of  Iht  dnsdniiKi  ^  A  tb> 
Till|  of  nnuculmr  Klim  cvaalitiKilif  (liv  yj^ 
mt ;   e,  Ibe  DpCDib)  of  1b«  p^loiVB,  thnft^k 
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Mcr  d.  It  Would  ftppear  that  the  a  white  fluid,  which  is  detached  from  the 
aecnmulation  of  the  chyme  at  this  ex-  common  mass,  and  which  constitutes 
tfemity  of  the  stomach,  never  exceeds  the  proper  nutiitive  substance :  this  is 
fbur  ounces  at  any  one  time.  M.  termed  ch^le:  and  into  a  residual  mat- 
Magendie  states  that  in  the  nume-  ter  which  is  not  nutritive,  but  which  is 
fOtts  experiments  in  which  he  has  ultimately  converted  into  faeces  and  re- 
had  an  opportunity  of  observmg  it,  he  jected  m>m  the  system.  We  are  as 
baa  uniformly  remarked  that  when  it  ignorant  of  the  mode  by  which  chyme 
•mountfl  to  aoout  two  or  three  ounces,  is  converted  into  chyle,  as  of  that  b^ 
k  is  admitted  through  the  opening  of  the  which  the  crude  alimentary  matter  is 


€i  that  class  of  organs  of  which  the  which  the  latter  is  effected  may  be  stated 

v^lorus  affords  a  remarkable  exam|de.  to  be  known  with  a  high  degree  of  pro- 

Ii  a  portion  of  undigested  food  ]»«•  bability.    It  is  observed  that  the  chyme. 

Mint  itself  at  this  door  of  the  stomach,  soon  after  it  enters  the  duodenum,  is 

it  is  not  only  not  permitted  to  pass,  mixed  with  two  specific  secretions,  that 

but  the  door  is  dosed  agiunst  it  with  of  the  pancreas  (JIf.  35,  C),  which  is 

additional  firmness :  or,  in  other  words,  termed  the  pancreatic  juice,  and  that  of 

the  muscular  fibres  of  the  pylorus,  in-  the  liver  (a$-.32,  A  A),  which  is  called 

stead  of  relaxing,  oontraot  with  more  the  bile.    In  living  animals  the  bUe  is 

than  ordinary  force.    In  certain  cases,  seen  to  exude,  at  intervals,  from  the  ex- 

where  the  dj^stion  is  morbidly  stow,  eretory  duct  of  the  liver  termed  the  (luc- 

or  when  very  indigestible  food  has  been  hu  communis  choledochus  {fig,  32,  F). 

taken,   the   mass   is   carried    to   the  A  drop  ^>pears  at  the  orifice  of  the  canal, 

pylorus  l)efore  it  has  been  dul]^  aeted  and  diffuses  itself  over  the  neighbouring 

on  by  the  gastric  juice :  then,  instead  surface  about  twice  in  a  minute.     It  is 

of  inducing  the  pylorus  to  rdax  in  or-  remarked  that  the  pancreatic  secretion 

der  to  allow  of  its  transmission  to  the  is  admitted  to  the  intestine  through  the 

duodenum,  it  causes  it  to  contract  with  pancreatic  duct  (Jig.  32,  G)  still  more 

so  much  videnoe  as  to  produce  pain,  slowly.    The  chyme  is  observed  to  be 

while  the  food  thus  retained  in  the  sto-  accumulated  in  the  greatest  quantity 

mach  longer  than  natural  disorders  the  about  the  orifice  of  the  ductus  commu- 

organ ;  uid  if  the  digestion  cannot  ulti-  nis  duokdMms.    The  moment  the  bile 

matdy  be  pof  ormed,  that  disinrder  ([oes  is  mixed  with  it,  a  striking  change  takes 

on  increasing  until  vomiting  is  excited,  place  in  the  enture  mass :  it  loses  its  own 

by  which  means  the  load  that  oppressed  sensible  properties,  and  acquires  those 

it  is  expdOed.    The  pylorus  b  a  guar-  of  the  bile,  especially  its  colour  and  bit- 

dian  placed  between  the  first  and  the  temess.    In  a  short  space  of  time  a 

second  stomach,  in  order  to  prevent  any  spontaneous  change  is  ol)served  to  take 

substance  from  pasnngfirom  the  former  place  in  the  compound:  it  separates 

until  it  is  in  a  condition  to  be  aeted  upon  mto  a  thidc,  whitish,  cream-like  fiuid, 

by  thelatter :  and  so  fruthfiiUy  does  this  and  into  a  veHow  pulp :  the  white  fluid 

guardian  perform  its  office  that  it  will  is  the  diyie ;    the  yellow  pulp  is  the 

often,  as  we  have  seen,  force  the  stomach  excrementitious  porhon.  Both  together 

to  reject  the  offending  matter  by  vomit-  are  now  slowly  carried  along  ,the  smaU 

ing  rather  than  dlow  it  to  pass  in  an  intestines  CA?.  32,  KK).  The  chyle  thus 

unfit  state :  whereas,  when  cinyme  duly  separated  from  the  chyme,  is  found  al- 

prepared  presents  itself^  it  nwdily  opens  ready  to  possess  the  most  remarkable 

a  passage  for  it  into  the  duodenum*  property    of    the    circulating   blood. 

This  eminentlv  vital  property  of  the  mus-  namd^,  that    of  coagulation.     It  is 

cular  filnre,  of  most  essential  and  varied  observed  to  adhere  with  some  tenacity 

use  in  the  economy,  by  whidi  it  is  obe-  to  the  internal  or  mucous  coat  of  the 

dient  onfy  to  particular  stimuli,  will  be  intestine ;  for  if  this  portion  of  the  canal 

further  spoken  of  hereafter.  be  exammed  in  an  animal  killed  after 

^^  ..  ^  n i.^xr       ^  rti^  f  having  recently  taken  food,  this  matter 

qftne  FamtOwnqr  Chyle.  ^^  ^^  found  m  a  state  of  coagulation 

In  the   duodenum  the  diyme  under-  adhering  with  considerable  firmness  to 

ffoes  a  further  change.    After  it  has  ttie  mucous  coat.     This  adhesion  of 

been  a  short  time  in  Uiis  oigan  it  is  ob-  the  chyle  to  the  surface  of  its  containing 

senfd  tQ  siparat^  into  two  part^  11^  tube»  does  not  appear  to  arise  from  any 
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adherive  property  in  the  chyle  IHtV,  bul  dllkeBoe  by  Dr.  Edwndi,  who  hiftmM 
is  nippo«ed  to  be  rather  the  eflbot  of  a  n»  tfiit  they  are  exiotly  of  th«  nune  meg. 
species  of  attrtction  exerted  by  the  nitude,  and  posteii  precisely  the  lame 
mucuous  coat  for  thia  peculiar  natter  i  physical  properties  m  the  central  globule 
to  be  a  vital  action  raferrible  to  a  class  of  theft>lood  when  divested  of  ita  external 
of  vital  actions  highly  euiioui  in  their  colouring  ciivi;lo|i.  Tins  diiiiii;;Liuhid 
natuK,  of  which  the  aniiiitl  economy  physiologist  likewise  raainlains  that  bolh 
atfbrds  numeroui  examples.  It  waa  the  g-lohule  of  the  chyle  and  the  cenind 
necessary  that  the  niiiiicnt  malter  globuleof  the  blood  exhibit  preciselyiha 
should  he  brought  into  a  certain  same  physical  properties  as  the  globulet 
d^ree  of  conlact  with  Ihe  mucous  sur-  that  compose  the  primitive  tissues  of  Iho 
tkee  of  the  intestine,  and  should  be  body;  and  that  Ihus.  as  soon  as  Ihe  fluid 
held  in  contact  vfilh  it  for  a  certain  which  is  destined  to  nourish  the  body  if 
length  of  time,  in  onlcr  that  the  lacteal  formed,  the  organic  molecules  of  nhioh 
vessels  might  have  the  means  of  the  both' itself  consists  are  disoovenibla 
absorbing  it :  the  mucous  membrane  of  in  it.  Later  microscopical  observaliont, 
the  intestine  is  therefore  endowed  with  however,  place  in  considerable  doubt 
the  power  of  attracting  this  mailer  to  the  acoiu'acy  of  those  which  have  pre- 
itself:  thus  exhibiting  a  beautiful  ex-    ceded. 

ample  of  that  peculiar  relation,  or,  as  it  rte  ii.    n^    ^r       r  tn  •  i 

is  sometimes  termed,  consent  between  ^■f  "*'  ^«''°»  "/  P*""^- 

containing  and  contained  parts  which  Fluid  substances  obviously  require  to 
is  so  characteristic  of  life.  The  pro-  be  subjected  to  none  of  the  preparatory 
BTCBs  of  the  chyle  throngh  this  part  of  processes  which  are  indispensable  to 
the  canal,  is  likewise  rendered  slower  the  digestion  of  solid  aliment :  they 
by  Ihe  folds  of  the  mucous  membrane,  need  no  mastication  and  no  admixture 
termed  the  ooicu/^connu'en/?*  (^f, 3-]  >.  with  the  liquids  of  tlie  mouth.  Their 
As  It  passes  along  llic  tube  it  gradually  deglutition  is  more  easy  niid  rapid  on 
disappears,  becoming  smaller  and  account  of  their  greater  divisihilily.  The 
sraaller  in  ijuantity,  until  at  length  it  series  of  eliangea  they  undergo  in  the 
is  nearly  lost  at  the  point  where  the  stomach,  is  by  no  means  well  under- 
small  inlestines  terminnfe  in  the  large  stood.  It  Ih  nsi'erlained  thai  Ihfy 
(jig.  33,  E).  The  yellow  pulpy  sub-  remain  a  miieh  shorter  time  in  the  slo- 
slanee  forniing  the  excrement itious  part  mach  than  solid  aliment.  If  the  sto- 
of  the  aliment  is  transmitted  from  the  mach  of  an  animal  be  examined  varp 
Ueum,  the  last  of  Ihe  small  intestines  to  shortly  after  it  has  drunk  copiously,  ri 
the  ccecum,  the  first  of  the  large  is  found  completely  empty  of  fluid. 
( flff,  33,  E) ;  whence  it  passes  through  Until  lately,  it  was  supposed  that  iuids 
tfie  whole  tract  of  the  latter,  and  is  Uke  solids  are  transmitted  ftom  the  sto- 
flnally  conveyed  out  of  the  Iwdy  in  the  much  to  the  duodenum  through  the 
form  of  fieces.  opening  of  the  pylorus,  and  Iheir  rapid 

The  chyle  neady  approximates  to  disappearance  was  accounted  for  bom 
the  nature  of  the  blood.  Lilte  it,  when  their  finding  a  ready  passage  through 
removed  from  the  body,  as  has  just  twen  the  pylorui,  on  account  of  Iheir  easy  di- 
stated,  it  spontaneously  coagulates  j  visibility.  But  M.  Masendie  has  shown 
that  is,  it  separates  into  a  dense  whitish  that  if  a  llgslure  be  placed  around  tha 
mass  termed  the  coagulum,  and  into  pylorus,  so  as  to  prevent  the  possibility 
a  transparent  colourless  fluid.  The  of  their  exit  thro<^<^h  that  aperture,  th^ 
,  basis  of  the  coagulum  is  found  to  be  disappear  from  the  stomach  with  af- 
a  substance  closely  resembling  Ihe  most  equal  rapidity.  Recently,  prafes- 
fibrine  of  the  blood,  and  the  fluid  sors  "nedemann  and  Gmelin  have  inves- 
part  to  be  very  similar  to  its  serum :  it  tlgated  this  subject  with  great  oare,  and 
(xtiiblts  the  same  chemical  properties  as  they  state  in  the  most  positive  manner, 
the  corresponding  parts  of  the  blood,  and  that  they  have  ascertained  from  nume- 
it  also  resembles  this  fluid  in  the  nature  reus  experiments,  of  whit^  it  is  impos- 
of  its  salts :  but  ail  these  circumstance*  sible  to  give  any  account  in  the  present 
will  be  belter  understood  after  the  blood  place,  that  the  fluids  of  the  stomach 
has  been  described,  H  has  been  already  are  rapidly  taken  up  by  the  absorlDents 
staled  that  when  the  chyle  is  examined  of  the  or^n ;  that  they  are  immediately 
with  the  microscope  il  is  Found  to  con-  conveyed  t>y  these  vessels  lo  the  liver, 
sist  of  innumerable  globules  :  that  these  and  that  they  circulate  direclly  through 
Rlobules  have  been  examined  with  great    that  viacua.    Ttie  object  of  ttus  curious 
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dnpotition  is  at  present  wholly  unknown.  Spallanzani  inclosed  diiliBrent  alimen- 

•ad  the  fact  itself  eannot  be  reodved  taiy  substances  in  metallic  baUs  perfo- 

without  further  confirmation.  rated  with  holes,  and  in  pieces  of  porous 

"Rm  pffaieipal  theories  which  have  been  there  for  a  certain  time  were  withdrawn : 

inTCBted  to  connect  and  explain   the  on  their  removal,  it  was  found  that  the 

pieeediQg  phenomena  are  those  of  con-  matters  inclosed  were  more  or  less  dis- 

coetion.  putrefttetion,  trituration,  che*  solved,  while  the  containing  substances, 

miosl  aotution,  vital  energy,  and  ner-  whether  metal  or  doth,  were  not  acted 

voas  hifluence.  upon  in  the  slightest  degree.    Since  tMs 

Tte  oldest  hypothesis  of  digestion  on  effect  could  not  possibly  be  produced  li^ 

Teeovd,  is  that  of  concoction,  which  was  mechanical  means,  there  seems  no  other 

mahitaiiied    by  Hippocrates,  and  de-  resource,  but  to  suppose  that  it  was  ao- 

sceikM  down  througti  Galen  to  com-  eomplished  by  chemical  agency, 

pwalively  modem  times.    But  conooo-  By  vomiting,  mechaniculy  excited,  the 

tion  la  only  another  word  for  digestion  j  same  experimentalist  threw  up  from  his 

sad  to  say  that  the  ftmction  <n  diges*  own  stomach  a  tube  perforated  with 

tion  is  performed  by  the  process  of  con-  hdes,  and  oontaining  l>6ef  which  he  had 

eoction  IS  not  to  propose  a  theorv,  but  swallowed  four  hours  before.    The  flesh 

merely  to  esqiloy  another  word  to  ex-  was  thoroughly  soaked  with  the  fluid  of 

press  the  process  itself.  the  stomaoh :  its  surface  was  soft  and 

That  digestion  b  not  performed  by  a  gelatinous:  it  had  wasted  from  fifty- 
process  analoffotts  to  that  of  putreftumon  ttiree  to  thirty-eight  grains. 
IS  proved  by  Uie  facts  that  the  first  ef-  1.  With  a  view  of  prosecuting  these 
fm  of  the  apjdication  of  the  gastrie  rescNunGlhes,Dr.St«[>henstook  advantage 
jnioe  to  the  alimentary  mass  is  to  resist  of  a  man  who  had  been  in  the  habit  of 
piifaneftietion»  and  to  suspend  the  process  swallowing  stones,  end  afterwards  of  re- 
even  alter  it  has  actually  commenced.  jectinj;  them  from  the  stomach.    This 

The  medianical  physiologists  endea-  experimentalist  caused  the  man  to  swal- 

nmred  to  account  for  all  thephenomena  low  hollow  metallic  spheres,  perforated 

of  d%«ttion  by  trituration.  Calculations  with  numerous  orifices,  and  filled  with 

were  made,  apparently  with  matbematl-  diAvent  kinds  of  alimentary  matter.  By 

ttl  Mcuracy,  to  ascertain  the  force  that  numerous   experiments,  it   was  esta- 

wonU  be  required  for  the  performaiiee  blished  that  when  a  hollow  silver  sphere 

of  Iha  flinction  in  this  moae ;  and  ae-  oontaining  raw  or  cooked  flesh  or  vege- 

eo«dlB|Ay  Piteaim  estimates  that  the  tables,  and  perforated  with  holes  that 

fanmSi  the  muscular  fibres  of  the  sto*  would  admit  a  crow  quill,  was  swallowed^ 

madi  !■  JiQual  to  12.951  pounds.    The  it  was  rejected  |Mram«ifi,  in  about  forty 

facta  vffhieh  refote  this  hypothesis  are  hours,  «nd  was  always  perfectly  empty. 

already  tiefore  the  reader :  namely,  first  2.  That  the  gastric  juice  acts  ch^mi- 

that  the  stomach  of  most  animals  b  en-  cally  upon  the  food  is  proved  by  the 

tirciy  membranous,  and  cannot  possibly  flut  that  alnnentary  substances  in  the 

excn  ttie  requisite  power ;  and  secondly,  progress  of  digestion  present  precisely 

that  d^igestion  is  performed  under  dr-  tlie  appearances  which  thc^  would  ex- 

cmnstaaees  in  which  trituration  cannot  hibit  were  they  exposed  to  the  influence 

operate,  as  is  proved  by  the  experiments  of  chemk^  agents.    It  is  truly  stated 

of  SpaUansam,  Stephens,  aiM  others,  by  M.  Magendie,  that  the  surface  of 

immediately  to  be  detailed.  food  undmoing  the  process  of  dis^es- 

Tlie  thecn7  of  chemical  solution  isdi-  tion  consists  of  a  soft  layer  which  is 

reetly  favoured  by  all  the  ocperiments  easily  detached   from  the   undigested 

that  disprove  the  former   hypothesis,  part,  and  whwh  has  every  appearance 

The  evioence  that  the  stomach  secretes  of  having  been  acted  on  by  a  re-agent 

a  peenhar  fluid,  which  acts  chemically  capable  of  dissolving  it,  and  that  the 

upon  the  aliment,  and  that  nothing  f^  white  of  a  hard-boiled  egg,  for  example, 

tner  is  necessary  to  produce  these  ac-  appears  Just  as  if  it  hi^  t>een  plunged 

tions,  than  to  bring  tne  two  substaneea  in  vinmr,  or  in  a  solution  of  potash, 

into  eoDtaet,  may  be  said  to  be  com-  8.  liie  efRsct  produced  by  the  mtric 

plete.    Among  the  numerous  expert-  iiUce  on  the  substances  exposed  to  it 

ments  which  nave  been  perlbrmed  to  bears  no  proportion  whatever  to  their 

establisb  this  point,  the  most  curious  mechanical  \cxXuxe«  en  Vo  >^\t  ^"^vt 

and  inqpostant  am  the  fhUowlBig.      .  phymai  proipairtMa,   \iYu&A\V«i^>xvnk 
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thed«nu3tiAembrene;  while  it  speedily  place  withio  the  stomacli.  Borne  of  this 
dissolves  bone  itself,  it  produces  not  the  fluid  nas  put  into  a  glass  tube  ^*itll 
slightest  effect  upon  many  substances  boiled  beef  that  had  been  masticated; 
of  the  most  delicate  ieiture ;  theskins  the  tube  was  then  hermetically  sealed 
of  fruit,  for  example,  and  even  the  and  exposed  near  the  fire  to  a  consider- 
finest  fibres  of  flax  and  cotton  are  not  able  heat ;  by  the  side  of  this  tube  wai 
in  the  smallest  degree  afiected  by  it  placed  another,  containing  the  same 
l^s  selection  of  substances  exactly  quantity  of  flet>h  immersed  in  water. 
resembles  the  operation  of  chemicu  in  twelve  hours  the  flesh  in  the  lube 
affinity,  and  is  deddedly  contiaiy  to  conlaininj;  the  gastric  juice  began  la 
what  would  be  the  eifect  of  mechamcal  lose  its  fibrous  structure ;  in  thirty-five 
l^ient^  hours  it  had  entirely  lost  its  consistence ; 
4.  The  gastric  Jiuoe  producet,  on  it  appeared.asfarasthe  eye  could  judge 
certain  substances,  effects  which  un-  of  it,  to  be  reducedloapultaceousmass, 
questionably  are  of  a  chemical  nature,  and  no  further  change  was  produced  in 
Thus  it  occaaiona  the  coagulation  of  it  by  ihe  gastric  fluid  during  the  two 
albuminous  fluids,  and  prevents  putre-  following  days.  On  the  other  hand,  the 
fkction.  An  infusion  of  the  proper  flesh  that  had  been  immersed  io  water 
stomach  of  the  calf,  termed  ren-  was  putrid  in  sixteen  hours.  Allhoueh 
net,  is  commonly  employed  for  tlie  it  is  impossible  to  imitate  out  of  the 
coagulation  of  milk,  a  sm^l  quantity  of  stomach  several  very  important  cir- 
which  converts  the  albuminous  portion  cumstances  which  occur  in  the  natural 


of  miik  into  the  slate  of  curd.  The  process,  yet  this  experiment  appears  lo 
'.iscptic  power  of  the  gastric  juice  nave  accomplished  a  near  appraach  to 
s  abundantly  established  by  the  ex-    chymification ;    and  upon    the  whole. 


periments  of  Spallanxani,  who  observed,  what  has   been   staled,  may  be  said 

that  in  carnivorous  animals,  which  fre-  to  present  a  chain  of  clear  and  satis- 

uuently  take  their  food  in  a  putrid  stale,  factory  evidence  leading  to  the  general 

tne  first  operation  of  the  stomach  was  conclusion  that  the  food  in  the  stomach 

to  remove  thb  foetor.    It  was  also  found  b  converted  into  chyme  by  the  fluid 

that  if  Ihe  gastric  juice  be  added  to  sub-  secreted  from  its  surface,  and  thai  this 

stances  out  of  llie  body,  it  resists  their  change  is  elTected  by  a  proper  chemicil 

putrefactjon,  and  even  suspends  Ihe  pro-  action. 

cess  when  it  has  commenced.  Dr.  Front  has  recently  discovered. 

But  wonderful  and  irresistible  as  the  that  during  the  process  of  chymification, 

action  of  the  gastric  Juice  is  proved  to  muriatic  acid  is  always  present,  a  het 

be,  it  is  destitute  of  any  sensible  pro*  confirmed  by  the  testimony  of  professon 

perties  upon  which  its  power  can  de-  Hedemann  and  Gmelin,  who  state  (hat 

pend,  or  with  which  its  agency  can  be  in  all  their  researches  they  uniformly 

connected.      According  to    every  test  detecled  the  presenceofanacid.    Occa- 

which  it  is  in  our  power  to  apply  to  it,  sionally  heat,  and  not  unfrequenOy  gaa, 

it  appears  to  be  exceedingly  anajogoui  are  also  evolved ;  but  whether  these  pn>- 

to  saliva,  or  to  the  ordinary  secretions  of  ducts  form  a  necessoiv  part  of  the  pro- 

the  mucous  membranes, — fluids  which,  cess    when    exercised    in    a    perfectly 

so  far  from  indicating  any  active  pro-  healthy  manner,  or  whether  and  how 

perties,  are  remarkable  for  their  bland*  fiir  they  arise  from  a  morbid  coaditioa 

ness.     This  apparent  inertness  has  sug-  of  the  function,  is  not  ascertained. 

Sested  doubts  whether  it  really  possess  Some  physiologistsareof  opinionthtt 
le  active  acency  which  is  attributed  to  it  is  possible  to  Eidvant^  a  step  further, 
it,  and  has  led  to  the  institution  of  ex-  and  to  determine  the  paiticular  kind  of 
periments  to  ascertain  whether  it  is  chemical  action  by  which  the  gastric 
capable  of  producing  effects  out  of  the  juice  produces  the  requisite  changes  in 
body  analogous  to  those  which  it  ac-  the  food.  They  think  the  facts  observed 
compUshes  within  the  stomach.  In  warrant  the  conclusion  that  it  acts  as  a 
order  to  leam  whether  chyme  can  be  specific  ferment  la  chemical  solution, 
formed  by  the  gastric  juice  out  of  Ihe  two  bodies  act  upon  each  other  and  pro- 
stomach.  Spall anzani  procured  this  fluid  duce  a  third  substance  possessed  of  new 
from  the  stomachs  of  various  animals  ;  properties  ;  in  fermentt^ion,  the  elemen- 
and  on  mixing  it  with  different  alimen-  larv  principles  of  bodies  are  disei^aged, 
tary  substances,  it  was  found  that  it  and  enter  into  new  combinations.  Now, 
actually  does  exert  an  influence  very  since  there  is  reason  lo  bdieve  that 
similar  to  that  vrtuch  is  supposed  to  take  evei^  compouiut  subrtuicc  mast  bede- 
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eompoMd  in  order  to  fit  it  for  nutrition,  juice,  and  therefore  does  not  bear  upon 

it  is  ai^ed  that  this  very  reason  seems  the  subject  of  digestion,  but  merely  upon 

to  justify  the  conclusion,  that  the  pro-  that  of  secretion.    And  Dr.  Holland  has 

cess  of  digestion  does  not  consist  in  endeavoured  to  prove  from  Dr.  Philip's 

^m  ohemical  solution,  but  in  a  specific  own  experiments,  that  the  division  of 

fermentation.    And  it  is  further  stated  the  eighth  pair  arrests  the  process  of 

inimyour  of  this  view,  that  there  are  digeshon,  by  interrupting  the  respiration, 

several  qpedfic  fermentations  with  which  and  consequently  Uie  circulation,  and 

we  are  aoquunted;  for  example,  the  that  it  is  thus  through  the  lungs  and  heart 

Tinons,  the  acetous,  the  paniary ;  and  that  the  secretion  of  the  gastric  juice  is 

that  there  are  probably  others  which  prevented.    And  it  is  remarkable,  that 

are  at  present  unknown,  of  which  what  if  Dr.  Philip's  experiments  be  exami* 

may  be   termed  the  chylous  may  be  ned,  it  will  be  seen  that  the  respiration 

one.     It  must  be  admitted,  however,  was  simultaneously  affect^   with  di« 

tiiat  while  there  is  much  probability  in  gestion. 

this  supposition,  and  while  the  evidence       Having  thus  considered  the  general 

can  scarcely  be  resisted  that  digestion  focts  to  which  the  most  eminent  culti- 

is  performed  by  a  chemical  action  of  vators  of  this  science  have  conceived 

some  kmd,  yet  that  we  are  at  present  that  the  particular  fact  of  digestion  may 

wholly  ignorant  of  the  particular  nature  be  referred,  we  shall  conclude  this  sub- 

of  that  action.  ject  by  saying  a  few  words  relative  to 

Prom  the  difficulty  of  accounting  in  a  the  different  substances,  on  which  the  di- 
satisfactoiy  manner  for  this  process  festive  orfi;ans  are  capable  of  acting,  and 
either  upon  mechanical  or  chemical  by  adverting  to  the  true  nature  of  the 
principles,  some  physiologists  have  sensations  of  hunger  and  thirst, 
ascribed  it  to  the  agency  of  what  they  ^^  ^.  eu  ^  /.  m  -.  ^  ^  -  , 
have  termed  the  vital  principle.  The  Of  ^  ^^  of  Plants  and  Animals. 
internal  smrfEUse  of  the  stomach,  they  say,  The  proper  food  of  plants  is  water  and 
is  endowed  with  a  specific  property  air :  both  are  indispensable  to  the  sub- 
which  belongs  to  it  as  a  living  sub-  sistence  of  this  class  of  organized  beings. 
stance,  uid  which  enables  it  to  digest  Some  plants  indeed  appear  to  subsist 
the  food.  When  the  meaning  of  this  on  air,  and  others  on  water  only :  but  the 
language  is  strictly  analyzed,  it  will  be  aeriel  epidendrum,  without  doubt,  de- 
found  to  amount  to  no  more  than  that  rives  its  moisture  from  the  water  sus- 
the  process  of  digestion  is  peculiar  to  pended  in  the  atmosphere.  The  quantity 
fbe  condition  of  life,  and  that  it  is  never  of  air  naturally,  mixed  with  water  is 
observed  to  take  place  in  any  other  found  to  afford  an  adequate  supply  of 
state.  But  this,  like  the  ancient  doc-  this  fluid  to  some  aquatic  plants,  but  it 
trine  of  concoction,  is  m€a:ely  the  adop-  is  proved  by  direct  experiment,  that  if 
tion  of  a  peculiar  modte  of  expressing  the  totally  excluded  from  air,  plants  uni- 
fMt,  and  not  a  reference  of  the  fact  to  formly  die.  Soils  are  not  the  food  of 
an  efficient  canse.  plants :  soils  may  be  considered  as  the 

Lately  many  observations  and  expe-  fixed  abode  of  plants,  and  as  the  me- 

liments  have  been  adduced  to  show  that  dium  through  which  they  receive    a 

digestion  is  essentially  a  nervous  tunc-  p^t    portion  of   their    nourishment 

tion,  depending  upon  the  direct  a^ncy  Soils  are   composed  of  earths,  silica, 

of  the  nervous  system.    Thus  it  is  as-  lime,  alumina,  magnesia,  the  oxides  of 

eertained  by  direct  experiment  that  this  iron  and  manganese ;  they  contain  also 

process  is  suspendea  bv  dividing  the  vec^table  andf  animal  substances  in  a 

ei^ith  pair  of  nerves.    Dr.  Philip  states  stat^  of  decomposition,  together  with 

that  if  an  animal  be  allowed  to  live  a  saline,  acid,  and  alkaline  combinations. 

considerable  time  after  a  part  of  this  The  fertility  of  a  soil  depends  essentially 

nerve  is  removed,  the  food  remains  un-  upon  its  capacity  to  retain  water :  to 

changed  in  Uie  stomach,  and  is  nearly  in  hold  it  much  in  the  condition  in  which 

the  same  state  in  all  parts  of  the  organ;  it  is  retained  in  the  sponge — that  is,  not 

that  this  effect  is  quite  uniform,  and  that  in  a  state  of  aggregation,  but  of  minute 

in  all  his  experiments  he  has  never  seen  dirision ;  so  that  every  part  may  be 

it  otherwise.    This  fact,  which  has  been  moist,  but  no  part  wet.    Earths,  beside 

conceived  to  be  decisive  in  favour  of  the  affording  the  requisite  degree  of  adhe- 

nervous  hjrpothesis,  proves  only  that  the  siveness  and  looseness  to  retain  and 

influence  of  the  eighth  pair  of  nerves  is  distribute  moisture  in  this  manner,  fix 

essential  to  the  secretion  pf  the  gastric  the  plant  in  the  ground,  and  support  it 
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ttictein.    Whatever  other   useful  pur-  and  aniniHl  matter  connsln  of  the  mme 

pom  the  tdmixtuM  of  minersl  sub-  ultimate  elements  ilitierently  smiiii:tnl, 

ftincM  in  the  soil  may  woompbib  in  and  combined  in  different  proponioni, 

^eoooomy  of  the  plant,  it  ii  probable  uml  that  every  arlick  of    food  muii 

ftat  diey  act  u  itimuleiiti  upon  the  undergo  &  complitte  decomposition  be- 

teinlUry  rootlete,  end  that  they  may  be  fore  it  is  titled  for  the  purpose  of  rm- 

to  the  plintewhit  ooodioieati  are  to  trilion.    Wemayconceive.  tWn,  thai  in 

the  aidiuL  the  process  of  vegetable  dif^stion,  th« 

Plant!   are  tnteiposed  betvieeti    the  ultimate   dements  ere  enabled  to  enter 

inert  foil  and  the  hving  b«ng,  between  Into  those  peculiar  combinations  whieli 

Inorganlo  and  organic  matter;  and  o^  constitute  vegetable  mBtter  ;    and  Ih&t 

pear  to  be  the  great  laboratcniea   m  in  the  process  of  animal  digestion  Iht-y 

which  an  formed,  out  of  morganic  ma-  are  enabled  lo  enter  into  those  whuh 

teridi,  thoae  elementary  organio  par*  constitute  animal  matter ;  these  combi- 

tides  by  the  assimilation  of  which  the  nntions  depend  on  tbc  attractioos  which 

Ufther  claasta  of  hving  being!  exist  diiferent  species  of  matter  exert :  these 

Comiiting,  for  the  moat  part,  of  organic  attractions  differ  according  to  circum- 

^Mitiolcs,  which  are  capable  of  being  stances.     In  the  stomach  of  an  animal, 

utimilated  in  the  digeetive  organs  of  the  elements  of  alimentKry  substances 

-animals,  T^;etablei  in  general  are  ade-  bein^  disengaged,  we  must  suppose  that 

qtiate  to  the  support   of  animal  life,  circumstances  are  always  so  arranged 

Vast  tribes  of  animals,  however,  luhaist  as  lo  secure  by  the  ikffinilies  of  thi.te 

entirely  on  animal  matter  {and  there  substances  far  each  other,  just  such  a 

an  oorrelatire  tnt>ee,  the  main  purpoae  recombination  of  them  as  is  necessary 

of  whose  existenoe  Menu  to  be  to  con-  to  constitute  chyme.    This,  it  is  true, 

TWt  vq^able  into  animal  matter,  in  amounts  to  nothing  more  than  an  ei- 

oMer  to  afford  the  materisle  of  rapport  pression  of  the  fact,  and  affonis  no  ex- 

to  those  endowed  with  Ugher  sigul-  plunalion  of  this  most  curious  and  mys- 

-xation.    As  the  ngetaUe  prtiparetor>  terious  process  ;  liut  still  this  mode  of 

ganic  partlolei  from  intnganie  mattn^  expressing  it  may  enable  ua  (« torm  s 

to  these  animal*  appear  to  eonvert  the  ^ust  conception  of  the  nature  of  the  fact 

particles    thus    organiied  into  animal  itself. 

substance,  that  the  process  of  assimi-  It  has  been  stated  that  both  vt^sble 

lalion  in  the  higher  animals  may  be  and  animal  matter  consists  of  the  same 

ahottened.     Large  tribes   of  animals,  ultimate    elements,    namely,    oxygen, 

however,  high  in  the  scale  of  organiza-  hydrogen,  carbon  and  aiote ;  and  that,  o[ 

tion,  live  entirely  upon  vegetable  mat-  these,  vegetables  in  general  contain  three 

ten  others  suttsist  solely  upon  animal  only,  being  for  the  most  part  destitute 

substance ;   while   others  are  supported  of  azote  or  nitrogen,  or   containing  it 

in  the  most  perfect  health  and  vigour  only  in  small  quantity.    Th^  have  alio 

by  a  combination  of  both.    We  have  lesshydro^n;  while  on  the  other  hand 

seen  that  the  digestive  organs  of  animals  they  contain  a  much  largo:  proportion 

which  live  on  vegetable  matter  differ  of  carbon. 

considerably  from  the  digestive  organs  It  has  been  further  stated  that  the 
of  those  which  are  supported  by  animal  ultimate  elements  of  v^^talile  and 
substance.  The  successive  changes  that  animal  sut)stances  combine  together  in 
are  necessary  to  the  complete  digestion  different  proportions,  and  thus  form  dif- 
of  vegetable  matter  are  more  numerous;  ferent  products ;  and  that  from  the  most 
and  henceinal!  herbivorous  animals  the  simple  of  luchcombinations,  certain  sub- 
alimentary  canal,  as  we  have  seen,  is  stances  result,  which,  on  account  of  Ihe 
much  lai^r  and  more  complicated  than  simplicity  of  their  composition,  are  cslled 
in  those  which  subsist  on  animal  food.  Primary    Compounds,     or    Proximate 

We  know  that  in  the  digestive  organs  Principles.    The  most  important  pri- 

of  an  animal,-the  vegetable  is  changed  tnary  compounds  or  proximate  princi- 

into  animal  matter,  and  that  the  ve^-  pies  of  vegetable    origin  are,  gluten, 

table  has  the  power  of   reconvertmg  larina,  mucuage,  oil,  and  a^ar-    These 

animal  into  vegetable  substance:  hence  substances  posses*  v«y  di^rent  nutri- 

the  utility  of  manure  in  promoting  the  tive  propeities.    Glutra  is  by  far  the 

process  of  vegetation ;   some  kinds  of  most  nutritious  of  them  all;  ita  elemenli 

manure    consisting  almost  entirely  of  most  nearly  resemble  ttuwe  of  animal 

animal  matter  in  a  state  of  decomposi-  matter :  it  contains  nitrogen  in  consider- 

tion.  ,We  have  m«i  that  both  vegetable  able  qwutily— tin  «faunent  which  bai 
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been  stited  td  be  abeeiit  from  almost  ell  list  only  on  certain  jdanti ;  ofheni  only 

the  ircgetable  produoti.  Of  all  veMtable  on  certain  parts  of  particular  plants, 

eabetmnces,  gluten    is  found   m   tbe  as  the  seea»  the  fruit,  the  leaves,  and 

*  greatest  proportion  in  wheat.                 *  so  on»  while  entire  trib<n  of  insects 

Next  to  gluten,  in  the  j^roperty  of  appear  to  be  exclusively  attached  to 

affiaiding  nourishment,  is  fiurma.    This,  some  one  species  of  veji;etable  matter. 

HHumrnt   is  found  most  copiously  in  There  is  generally  a  manifest  connection 

wheat     It  also  forms  a  considerable  between  the  substances  on  which  ^ese 

portioa  of  the  nutritive  parts  of  various  aaimals  feed,  and  the  structure  of  the 

k^ids  of  pulse  and  of  tubers.  -leetbi  taidioathtt  that  the  selection  is  not 

Leaves,  stalks,  eeed-veseels,  and  tbe  thenffosft  «f  tSMdent,  but  depends  upon 

green  parts  of  plants,  ailbrd  the  principal  Hie^^iiteal  conformation  of  the  body. 

nonnanment  to  many  species  of  animak.  Wehave^een  that  the  teeth  of  different 

Tin    nutritive  ptinclple   contained  in  animals  areadapted»  some  for  seising 

4hne  artidee  of  food  resides  chiefly  in  and  biting;  othm  for  tearing  and  lac^ 

'mueilageb  though  to  this  is  commonly  rating;  men  for  cropping  the  more 

muted  a  portion  of  sacdiarine  matter  aucciuent  and  ddicate  parts  of  plants, 

wli^  oontribntes  materiallr  to  its  nu-  and  others  for  masticating  those  that 

trilivn  power*    Most  (runs  contain  a  are  firm  and  dense  in  their  texture.  The 

iiaan  ef  mnoilage^  or  farina,  which  is  beaks  of  birds  are  infinitely  diversified 

eombinedeilhsr  with  sugar  or  with  oiL  in  their  form  and  structure*  some  are 

Sttgar  is  ameng  the  most  hi^y  nutzi-  long  and  pointed*  others  are  broad  and 

tive  of  all  tiie  vegetable  pnrauots,  and  flat;  othars  are  hooked  or  curved.  On 

oil  ecems  capable  of  bemg  converted  card^y  examining  these  diversities  in 

almoet  wholly  into  nutrient  matter.  .  their  structure^  it  is  found  that  each  is 

Tbe  most  important  of  the  proxi-  adapted  for  recdving  only  certain  kinds 
OMle  principles  of  animal  origin  which  of  food.  And  in  all  cases,  the  nature  of 
ere  employed  as  articles  of  diet,  are  the  stomadi,  whether  membranous, 
fibrin,  mbiunen,  jelly,  oil,  oemaiome,  or  muscular,  or  ruminant ;  whether  simple, 
the  extractive  matter  of  the  nmscular  consisting  of  one  cavity  only,  or  corn- 
fibre  which  seems  to  ^ve  the  specific  pound,  mvided  into  several  distinct 
fiavoor  to  the  fiesh  of  diffnrent  ammals :  chambers*  precisely  corresponds  to  that 
it  is  probable  that  it  consists  only  of  of  the  teeth,  and  to  the  other  organs 
fibrin  slightly  altered  l>y  heat.  There  and  habits  of  the  mdivkluaL 
ere  some  others,  hot  they  are  of  little  IVom  whichever  of  these  two  jKreat 
Mneequence.  souroes  of  nourishment  the  food  of  ani- 

Artides  of  diet  may  be  contemplated  male  is  .derived  in  their  natural  state. 
In  two  points  of  view,  as  nubitivt*  and  nature  has  allowed  to  most  of  them  a 
as  dig^ible.  They  are  nnbritive  in  wide  range  in  the  power  of  abstracting 
proportion  to  their  ci^iadtv  of  affonUng  it  Even  those  which  most  obviously 
ne dements  of  chyme:  tninr  are diges-  and  deddedW  prefer  one  particular 
tfiile  in  proportion  to  the  facility  with  species  of  fooo,  msv  graaually  be 
which  they  undergo  the  necessary  brought  to  subsist  well  on  ths  opposite ; 
changes  in  the  stooMch.  There  is  an  and  man  whoee  digestive  organs  evi- 
Msentisl  difference  between  these  two  dently  place  him  between  those  of  car- 
properties,  nor  do  they  by  any  means  nivorous  and  herbivorous  animals,  has 
Dear  an  exact  proportion  to  eadi  other,  more  power  than  any  other  of  accommo- 
Many  sabstanoes  whksh  contain  the  de-  dating  himself  to  widdy  different  kinds 
of  chyme  in  the  greatest  abun-  of  nourishment.     Many  observations 


dance  are  digested  with  difficulty :  and  and  experiments  show,  that  in  him,  at 

it  is  remarkable  that  this  difficultjr  is  least,  a  mixture  of  various  diet  is  not 

sometisnes  exceedin^y  lessened  by  mix-  only  consistent  with  health  and  vigour, 

isg  with  them  other  substanees  mat  are  but  is  highly  conducive  to  both. 

less- nutritive.  This  point  is  abundantly  illustrated 

Anrr"*^,  when  in  a  natural  state,  by  Dr.  Staric  of  Vienna,  who  ultimately 

adhere  widi  remarkaltle  uniformity  to  fell  a  victim  to  the  teal  with  which  he 

the  same  kind  of  food.  There  are  many  prosecuted  his  researches,    and    who 

camiforons  animals  which  feed  only  on  a  made  himself  the  subject  of  a  highly 

csrtain  kind  of  flesh ;  some  upon  the  fiesh  curious  series  of  expenments  upon  the 

ef  quadrupeds ;  others,  again  upon  that  rdative  effiict  of  various  simple  sub- 

of  mids*  and  others  upon  that  of  insects,  stances  when  used  exdudvdy  as  articles 

Amoag  hsrhifcrous  aiuinils»  seas  sib*  cCfood^ftrakmg  epsce  of  time.   The 
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ntult  showed  thftt  the  bod^iiinruiabljr  abovt  the  lune  time  ftt  wtudi  itadealli 

brought  into  a  »Me  of  extreme  debility  would  have  happened,  had  the  ezdo- 

by  such  B  course  of  diet,  and  th&t  there  sive  diet  been  continued  ;  the  digntife 

is  not  a  single  uticle  of  food,  not  even  organs  are  irreparably  injured,  and  the' 

the  most  nutritious,  that  is  capable  of  due  stimulus  though  applied  to  ttiwn  can- 

mstaining  the  vigour  of  the  body,  or  not  now  restore  them, 
even  of  maintaining  lite  itaelf  for  any        M.  MitucKiie  adduces  the  preceding 

connderable  pmod.    By  sdecting  one  experiments  to  prove  that  a  proportion 

after  another,  single  and  sim[de  wticlet  of  tiitro^n  is  necessary  for  the  suppoit 

of  food,  and  by  confining  himself  exclU'  of  animals.  He  conceivesthat  the  reason 

uvely  to  one,  this  experimentalist  so  why  the  auimals  on  which  his  experi- 

iiretrievably  ni'ued  his  health,  as  to  nients  were  performed,  could  not  live  for 

bing  on  premature  death.  any  length  of  lime  upon  pure  sugir,  a 

H.  Magoodie  has  recenthr  reanmed  because  these  substances  are  destitute 

these  researches,  and  affoidea  additional  of  nitrogen.     Dr.  Boslock  justly  ob- 

eridence  of  the  joitnes*  of  the  conclu-  serves,  that  these  experiments  prove  no' 

non  suggeried  by  the  experiment!  of  more  than  that  the  stomach  is  not  capa^ 

Dr.  8tar£  bte  of  digesting  these  subslances  without 


sngar  and  water,  appeared,  for  seven  or  furnish  us  with  ranny  eumptea  of  the 
ewit  days,  to  thrive  well  upon  these  imiigeslible  nature  of  a  i^  composed 
substances:  he  was  lively,  and  ate  and  of  a  single  article,  which  was  easily 
drink  nilh  aviditr;  towards  the  second  digested  when  mixed  with  otlker  sub- 
week,  however,  ne,  began  to  lose  his  stances.  In  order  to  render  M.Magen- 
fluh,  though  his  appetite  continued  tlie's  experiments  decisive  of  the  point 
good.  In  the  third  week  be  lostluihve-  for  which  he  adduces  them,  it  nould  b« 
finets  and  appetite.  An  uker  Ibmed  necessary  to  employ  a  diet,  which  should 
in  the  middle  of  each  conMa,  which  per-  be  compused  of  a  mixture  of  substances 
fivat«l  it,  and  the  humor  of  the  eye  — all  of  Ihem  without  nitrogen— a« 
Mcaped:  the  ammal  became  man  and  farina,  mucilage,  or  gum,  mixed  with 
more  feeble,  and  died  on  the  thirW-  sutcar  or  oil. 

second  day  of  the  experiment.     Results  These  (■xperimenfs  abundantly  prove 

nearly  sinxlar  ensued  with  dogs  fed  upon  the  necesuly  of  varying  the  artidea  of 

olive  oil  and   distilled  water;    but  no  food.    This  neceaiity  probably  arises 

ulceration  of  the  cornea  took  place,  and  from  the  following  cause,  which  the 

analogous  effects  were  observed  in  dogs  reader  will  understand  better  bereafter. 

fed  upon  gum  and  upon  butter.  The  stomach,  like  other  organs,  can  be 

A  dog,  fed  with  white  bread,  made  excited  to  the  due  performance  of  its 

fh>m  pure  wheat  with  water,  died  at  the  functions  only  by  supplying  it  with  an 

expiration  of  fifty  days.     Another,  fed  appropriate  stimulus.    By  a  long  and 

exclusively  on  militaiy  biscuits,  sufi^red  umnt«Tupled  continuance  of  one  ind 

no  alteration  in  its  h^th.  the    same  alimentary  substance,   that 

Rabbits  and  guinea-pigs    fed    upon  substance  probably  loses  its  stimula- 

one  substance  only,  as  corn,  hay,  barley,  ting  power,  and  thus,  though  it  abound 

cabbage,  carrots,  and  so  on,  die,  with  all  with  nutritive  properties,  tlw  stomach  ii 

the  marks  of  inanition,  generally  in  the  incapable  of  acting  upon  it. 

first  fortnight,  and  sometimes  sooner.  Sir  Astley  Cooper  has  made  vaiioiu 

An  ass,  fed  upon  boiled  rice,  died  in  experiments  upon    the  .digtstibilily  of 

fifteen  days,  having  latterly  refused  its  several  substances  which  are  commonly 

nourishment  employed  as  articles  of  diet    He  gave, 

Dogs,  fed  exclusively  with  cheese  or  for  example,   to  dogs    «   determinate 

with  hard  eggs,  are  found  to  live  a  con-  quantity  of  pork,  mutton,  tmI,  and 

liderable  period ;    but  become  feeble,  beef,  preserving  a  register  of  the  figure 

meagre,  and  lose  their  hair.  of  the  pieces  swallowed,  and  of  the 

When  a  certain  degree  of  emaciation  Older  of  their  introduction  into  the  sto> 

has  been  produced  by  feeding  an  animal  mach.    Opening  the  animals  at  the  end 

for  some  time  upon  one  substance,  as,  of  a  certam  penod,  and  collecting  with 

for  instance,  upon  white  bread  during  care  what  remained  in  the  stomach,  he 

forty   days,  the  animal  will    eat,  with  ascertained  that  pork  was  the  substance 

avidity  different  kinds  of  food  offered  to  most  rapidly  digested;  then  followed 

it  atthat  i>eriod,butitdoesnotregBinits  mutton,    thea  veal,   and  lastly,    beef, 

•trength;  it  conliauei  to  waste,  and  dies  vrhichBeetaed  to  turn  the  leut  (ugeatiUt 
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of  all.  In  some  cases  the  pork  and  entire  state,  and  cease  to  produce  their 
mutton  had.  entirely  disappeared,  when  appropriate  effects  the  moment  they  are 
the  beef  still  remained  untouched.  decomposed.  The  most  virulent  poi- 
By  other  experiments  he  found  that  sons,  whether  derived  f^om  tlie  vege- 
fish  and  cheese  are  also  very  digestible  table,  the  animal,  or  the  mineral  king- 
substances.  Potatoe  is  somewhat  less  doms,  become  perfectly  inert  when 
so ;  the  skin  which  covers  it  passes  into  resolved  into  their  elementary  constitu- 
the  duodenum  without  change.  ents.  Dr.  Fordyce  observes,  that  certain 
He  tried  some  experiments  with  the  insects  live  entirely  upon  cantharides, 
same  substances  prepared  in  different  while  their  fluids  are  periectly  mild ;  and 
ways.  He  found  that  boiled  veal  is  two-  that  even  the  poison  of  the  rattle-snake 
thirds  more  digestible  than  the  same  is  perfectly  innocent  when  taken  into 
substance  roasted.     Divers  other  sub-  thestomacn. 

■tances  were  likewise  submitted  to  simi-  An  adult  person,  in  sound  health,  tak : 
lar  experiments.  Thus  he  found  that  ing  moderate  exercise,  appears  to  require 
muscular  flesh  was  sooner  digested  than  two  hearty  meals  in  the  day  :  in  states 
skin;  skin  a  little  sooner  than  cartilage;  of  disease  a  third  repast  is  necessary; 
cartilage  sooner  than  tendon,  and  tendon  for  the  stomach,  when  weakened,  digests 
than  TOne.  food  better  if  it  lie  given  in  small  quantity. 
Some  of  the  results  of  these  experi-  In  these  cases,  the  adoption  of  the  plan 
ments,  but  not  all  of  them,  accord  with  suggested  by  Mr.  Abemethy  is  found  in 
commonly  received  dietetic  principles,  practice  to  be  attended  with  the  most 
and  with  the  experience  of  dyspeptic  beneficial  effect— that  of  dividing  the 
persons.  The  human  stomach,  when  food  to  be  taken  in  the  day  (suppose 
weak  and  deranged,  is  usually  observed  twelve  ounces)  into  three  equal  portions, 
to  digest  the  lean  part  of  pork  and  and  taking  each  meal  with  stnct  regu- 
boiled  mutton,  more  readily  and  with  larity  after  an  interval  of  six.hours.  It 
less  inconvenience  than  any  other  ani-  is  astonishing  how  rapidly  "and  com- 
mal  substances.  pletely  the  energy  of  the  stomach  some- 
There  are  several  substances  which,  times  returns  under  this  treatment,  in 
though  they  contain  in  themselves  no  cases  in  which  its  function  has  been 
nutritive  property,  yet  exert  a  consi-  merely  deranged,  and  to  how  great  an 
derable  influence  in  promoting  diges-  extent  suffering  is  relieved  even  when 
tion :  these  are  commonly  termed  condi-  the  total  and  permanent  removal  of  it  is 
ments.  Condiments  consist,  for  the  most  hopeless. 

Eart,  either  of  salts  or  spices  ;  they  pro-  During  infancy  and  childhood,  when 
ably  act  on  the  principle  already  stated,  an  abundant  supply  of  materials  is  re- 
affording  a  stimulus  to  the  stomach  by  auired  to  build  up  the  enlarging  frame, 
which  it  is  excited  to  a  more  eneri^ic  the  appetite  is  proportionably  keen ; 
performance  of  its  functions.  Possibly,  the  stomach  appears  to  digest  simple 
also,  they  may  exert  some  corrective  food  more  rapidly,  and  craves  more  fre- 
influence  over  the  various  species  of  quent  meals.  Protracted  exertion,  with 
aliment  during  the  process  of  digestion,  a  scanty  supply  of  nourishment,  if  not 
Tlius  the  tendency  of  vegetable  sub-  continued  for  so  long  a  period  as  to 
stances  to  the  acetous  fermentation  destroy  the  tone  of  the  stomach,  pro- 
may  be  checked  by  aromatics  and  spices,  duces  in  adults  a  voracious  digestion  re- 
and  the  tendency  of  animal  matter  to  sembling  that  of  childhood.  The  diges- 
pass  into  a  putrid  state  may  be  pre-  tive  organs  are  fitted  by  such  abstinence 
vented  by  salts  and  acids.  for  the  active  service  required  of  them 
Somewhat  analogous  to  condiments  in  providing  materials  for  the  restora- 
in  their  effects  upon  the  stomach,  is  the  tion  of  the  irame. 
action  of  certain  medicines,  which,  Mr.  Hunter  was  in  the  habit  of 
though  tliey  afford  no  nutriment,  yet  quoting,  in  illustration  of  this  point,  the 
serve  to  put  the  stomach  into  a  state  foUowmg  extract  from  Admiral  Byron*s 
which  adapts  it  for  the  digestion  of  the  narrative.  After  describing  the  priva- 
aliment.  There  is  this  essential  differ-  tions  which  he  had  suffered  when  ship- 
enoe  between  articles  of  diet  and  con-  wrecked  on  the  coast  of  South  America, 
diments  and  medicines.  No  substance,  the  admiral  incidentally  mentions  their 
as  has  been  stated,  can  contribute  to  subsequenteffect upon hisappetite.  ** The 
nutrition,  until  it  is  resolved  into  its  governor,"  says  he,  •*  ordered  a  table 
ultimate  elements :  condiments  and  me-  to  be  spread  for  us  with  cold  ham  and 
dJcines,  on  the  contrary,  act  in  their  fowls,  which  only  we  three  sat  down  to, 

E 
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and  in  a  short  time  dispatched  mare  description  wluch  has  been  given  of  tltt 

than  ten  men  with  common  appetites  structure  and  position  of  the  organ,  it 

would  have  done.    It  is  amazing  that  must  be  obvious  that  it  is  quite  impos- 

our  eating  to  that  excess  we  had  done  nUe  for  its  different  internal  surfaces 

from  the  time  we  first  came  among  these  ever  to  come  into  forcilile  contact  >*ith 

kind  Indians,  had  not  killed  us,  as  we  each  other.    Besides,  as  has  been  just 

were  never  satisfkd,  and  used  to  take  all  slated,  the  feeing  of  hunger  is  of  a 

opportunities,  for  some  months  after,  specific  nature,  and  is  totally  different 

of  filling  our  pockets  when  we  were  from  the  mere  sense  of  resistance, 

not  seen,  that  we  miffht  get  up  two  or  By  the  chemical  physiok)gists,  the 

three  times  in  the  mght  to  cram  our-  sensatum  of  hunger  is  aooounted  for  by 

sdves.**  the  action  of  the  gastrio  juice  upon  the 

Nothing  promotes  appetite  more  than  internal  surface  of  the  stomach,  whieh 

moderate  exercise  in  msh  air,  and  no-  they  suppose  to  have  a  tcndennr  to 

thing  is  more  adverse  to  it  than  seden-  corrode  it    The  solvent  power  of  the 

tavy  occupations  in  dose  towns  and  ^^astric  juice,  however,  as  we  have  seen, 

ill-ventihited  apartments;  yet  to  such  is  confined  to  dead  animal  maittcr;  and 

situations  great  numl)ers  of  the  human  there  is  no  reason  whatevw  to  suppose 

race  are  doomed,  and  the  effects  are  but  that  it  possesses  any  corrosive  praperties 

too  visible  in  their  pallid  countenances  similar  to  those  of  a  ehcnwaL  aeu. 

and  their  feeble  frames ;  and  but  too  It  is  probable  that  hmiger  is  a  peeu-^ 

acutely  felt  in  the  misery  that  results  liar  pmeption  depending  on  a  spMifie 

ftrom  the  languid  manner  in  which  all  impression  conveyed  to  the  bnm  by 

the  vital  functions  are  performed.    As  the  nerves  of  the  stomadi,  in  tbt  same 

long  as  society  is  constituted  as  it  is  at  manner  as  the  impfcssiont  ootmecled 

present,the^reat  majority  of  the  people  with  the  oiigansof  sense  depend  imoo 

appear  to  possess  no  means  of  escape  peculiar  impressions  eommimieatea  to 

from  these  terrible  evils;  nor  are  the  the  brain  by  their  appropriate  nerves. 

distinguished  few,  whose  success  in  the  It  is  also  probable  that  the  hn|nysskm 

great  struggle  of  life  is  commonly  con-  is  produced  upon  the  nerves  of  the 

ceived  to  be  the  most  complete  and  stomach,  through  the  intervention  of 

splendid,  exempted  from  them.    They  the  gastric  juice,  in  a  manner  perfectly 

may  acquire  wealth,  and  science,  and  analogous  to  the  action  of  light  upon 

fame,  but  the  acquisition  must  be  ad-  the  retina.    As  light  is  the  appropriate 

milted  to  be  dear,  when  the  consequence  stimulus  to  the  nerve  of  the  oi^gan  of 

is,  as  it  too  often  is,  the  ruin  of  those  vision,  so  the  gastric  juiee  appears  to 

physical  organs,  without  the  health  and  be  the  appropriate  stimulus  to  the  sentient 

vigour  of  which  there    cannot    be  a  nerves  of  the  stomach. 

moment*s  ease,  nor  the  slightest  degree  The  sensation  of  hunger  is  in  itself 

of  enjoyment.  painful,  and  therefore  may,  at  first  view, 

or  Humrttr  appear  to  afibrd  an  exception  to  a  gene- 

Kjj  Hunger,  ^  ^tiw  of  the  animal  economy,  namely, 

Before  concluding  the  subject  of  diges-  that  there  is  no  arrangement  for  the 

tion,  it  may  be  proper  to  notice  two  purpose  of  producing  pain,  but  on  the 

afft^ctions  of  the  stomach  which  are  contrary,  that  the  natural  and  dae  ex- 

intimately  connected  with  the  process,  erdse  of  all  the  organs  is  productive  of 

The  first  of  these  is  hunger.    Hunger  pleasure.    It  has  been  much  and  justly 

is  a  peculiar  sensation  which  is  univer-  msisted  on,  that  cf  no  contrivance  in 

sally  referred  to  the  stomach :  the  only  the  body  can  it  be  truly  said — *"  this  is 

cause  that  produces  it,  is  a  deficiency  to  infiame ;   this  is  to  irritate."    And 

of  food  :  it  IS  commonly  classed  among  yet  the  action  of  the  gastric  juice  upon 

the  impressions  which  belong  to  the  the  sentient  nerves  of  the  stomach  is 

sense  of  touch,  but  it  bears  no  kind  of  painful,  often  higWy  painful ;   and  it 

analogy    to  impressions  belonging  to  may  be  argued  that  the  production  of 

this  or  to  any  other  sense :  it  is  altoge-  pain  is  the  spedal  object  aimed  at.    A 

ther  peculiar  and  specific  little  consideration,  however,  is  sufficient 

Conceiving  that  its  physical  cause  to  show  that  this  case  falls  under  a  veiy 

must  be  either  mechanical  or  chemical,  general  law  of  sensation,  namdy,  that 

some    physiologists  belonging   to    the  pam  arises,  not  when  the  stimulus  whieh 

mechanical  school  have  ascribed  it  to  produces  it  is  moderate,  but  only  when 

the  friction  of  the  sides  of  the  stomach  it  is  in  exeees.    Light  admitted  to  the 

wnen  it  becomes  empty.    But  from  the  retina  in  nodente  quantity  ia  not  pw- 
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fill  but  grateful :  in  ^at  intensity,  it  is  occasioned  by  any  considerable  post- 
intulerable.  In  like  manner  tbe  sensa-  ponenient  in  the  gratification  of  the 
tiun  of  hunger,  when  moderate,  is  net  appetite, 
painful  but  grateful:  it  is  only  when,  »/  j 
from  protracted  fasting,  the  gastric  juice  Of  the  Blood, 
accumulates  and  produces  an  excessive  We  have  seen  that  when  the  aliment  is 
si imulus,  that  it  l)ecomes  painful.  And  converted  into  chyme  in  the  stomach, 
the  object  of  this  pain,  or  the  use  it  and  the  chyme  is  changed  into  chyle  in 
serves  in  the  economy,  is  too  obvious  the  duodenum,  the  latter  fluid  is  con- 
to  require  notice.  It  is  the  monitor  by  veyed  alone:  the  track  of  the  small  in- 
which  we  are  warned  of  the  necessity  of  testines,  where  it  gradually  disappears, 
supplying  the  system  with  those  mate-  It  disappears,  because  it  is  absorbed 
rials  which  are  requisite  to  renovate  and  by  the  mouths  of  innumerable  vessels 
maintain  the  integrity  of  the  body.  And  termed  lacteals,  hereafter  to  be  described, 
it  is  a  monitor  whose  voice  it  is  not  which  convey  it  by  a  route,  which  it  will 
possible  to  disregard,  for  its  importunity  be  more  convenient  to  detail  in  anothei" 
mcreaNCs  with  the  increasing  demand  place,  into  the  blood.  Tims,  the  chyle 
occasioned  by  the  wants  of  the  system,  is  the  fluid  by  which  the  blood  is  re- 
It  belongs  to  the  class  of  affections  plenished ;  and  in  man,  living  in  society, 
termed  appetites,  and  of  which  it  has  and  taking  his  meals  according  to  tfie 
been  justly  observed,  that  they  are  dis-  general  usage  of  civilized  life,  it  is  sel- 
tinguished  by  three  remarkable  charac-  dom  that  the  formation  of  chyle  is  not 
ters.  Tliey  are  compounded  both  of  a  goimr  on  in  the  economy,  and  that  the 
physical  and  a  mental  operation  :  they  vessels  which  transmit  it  from  the  intes- 
are  connected  with  some  evklent  useful  tines  to  the  blood  are  empty  or  idle. 
purpose  in  the  economy,  and  they  are  It  has  been  stated  that  the  chyle  dif- 
brought  about  by  the  intervention  of  the  fers  but  little  from  the  blood,  excepting 
nervous  system.  in  colour,  and  that  it  exhibits  some  of 

r.fi,wru'    4  the  most  peculiar  and  distinctive  pro** 

Of  i/iirst.  pgj^j^  ^^  ^jjj3  ^^^^    Qjjj^  processes, 

Thhrst  is  a  peculiar  and  uneasy  sensa-  mdeed,  which  will  soon  be  described, 
tion,  which  is  commonly  referred  to  the  are  still  necessaiy  to  convert  it  into  pro- 
tongue  and  fauces,  and  which  is  con-  per  blood. 

ceived  to  depend  upon  a  deficiency  of       The  blood  is  the  common  material  of 

the  mucous  secretions  of  those  organs,  which  all  the  tissues  and  all  the  organs 

There  are  chrcumstances  which  seem  to  of  the  body  are  built  up.    It  is  equally 

fthow  that  the  seat  of  this  affection  is  requisite  to  the  formation  of  the  most 

more  extensive.    In  a  remarkable  case  tender  and  delicate  membrane,  and  to 

published   by   Dr.  Gairdner,  of  Edin-  the  construction  of  the  hardest  bone: 

burgh,  it  was  found  impossible  to  allay  it  gives  origin  alike  to  the  mildest  and 

the    thirst,  merely    by    supplying  the  blandest  fluid,  as  the  saliva  and  milk, 

mouth,  tongue,  and  fauces  with  fluid,  and  to  the  most  active  and  irresistible, 

A  man  had  cut  through  the  tesophagus :  as  the  gastric  Juice.    It  furnishes  the 

an  insatiable  thirst  arose :  several  buck-  new  particles  by  which   the  capillary 

ets-fuU  of  water  were  swallowed  dailr,  arteries,  the  masons  and  architects  of 

and  discharged  through  the  wound,  with-  the  system,  Iniild  up  their  different  stnic- 

out  allaying  the  affection :  on  injecting  tures  in  the  different  parts  of  the  body 

water  mixed  with  a  little  spirit  into  the  according  to  the  wants  of  the  economy. 

stomach,  the  thirst  was  quenched.  It  affords  the  necessary  stimulus  to  the 

The  sensation  of  thirst,  like  that  of  great  systems,  especially  the   nervous 

hunger,  is  a  peculiar  and  speciflc  per-  and  the  sanguiferous,  by  which  they  are 

ception ;  also,  like  it,  depending  on  a  excited  to  the  due  performance  of  their 

speciflc  impression  conveyed  to  the  brain  functions — a  stimulus,  the  interruption 

by  an  appropriate  set  of  nerves,  and  of  the  supply  of  which,  even  for  a  mo- 

moreover  perfectly  analogous  in  the  use  ment,  causes  them  to  languish,  and  the 

it  serves  in  the  economy.    The  supply  protracted  interruption  of  which  stops 

of  fluids  is,  if  possible,  still  more  neces-  the  machinery,  and  totally  destroys  it. 
sary  than  the  supply  of  solids,  to  repair        It  is  not  wonderful,  therefore,  that 

the  waste  of  the  system.    Probably,  on  life,  even  in  the  estimation  of  those  who 

tiris  account  the  demand  is  rendered  are  entirely  ignorant  of  anatomy  and 

more  urgent  by  the  greater  intensity  of  physiolog}^,  should  l)e  thought  to  reside 

(he  sensatioD,  and  by  tbe  acute  paia  espedaUy  in  the  blood*    It  is  not  won-> 

1-4    «* 
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derful  that  this  opinion  should  have  in-    ence,  its  colour,  its  specific  gravity,  ami 
fluenced  the  common  language  of  man-    its  temperature. 

kind  ;    that  the  term  vital  should,  by  ^^  Consistence  of  ilie  Blood. 

common  consent,  be  given  to  this  im-  •'  -        , 

portant  fluid,  and  that,  with  the  word  The  blood,  when  it  first  flows  from  the 

blood,  the  idea  of  life  should  be  indisso-  vessels  which    contain  it,  is   a  thick, 

lubly  associated.    For  these  reasons,  as  viscid,  and  tenacious  fluid.    All  these 

well  as  on  account  of  the  most  import-  properties  vary  in  diflEerent  species  of 

ant  part  wliich  the  blood  performs  in  animals;   and  in  the  same  amimal  at 

every  function  of  the  animal  economy,  diflPerent  periods,  according  to  age,  sex, 

and  the  curious  and  interesting  facts  health  and  disease.    Soon  after  it  has 

which  have  been  ascertained  relative  to  issued  from  its  vessels,  its  consistence 

its  composition,  it  is  necessaiy  that  some  changes  exceedingly,  and  it  is  converted, 

account  should  l)e  given  of  its  nature  as  has  been  stated,  partly  into  a  firm 

and  properties  although  the  full  detail  solid,  and  partly  into  a  thm  fluid.    The 

would  occupy  much  more  space  than  can  means  by  which  this  change  is  prevented, 

be  allotted  to  it  in  the  present  treatise,  as  long  as  it  is  contained  in  its  proper 

Every  one  is  acquainted  with  the  ap-  vessels,  and  by  which  it  is  acconqduhed, 
pearance  of  the  blood  as  it  flows  from  a    as  soon  as  it  is  removed  from  them, 

wounded  blood-vessel:  issuing  from  such  belong  to  its  vital  properties,  and  will 
a  vessel,  it  is  seen  to  be  of  a  red  colour,    be  explained  hereafter. 

'^t  °^T.  ™™'*„h™i!lt  X'it  Of  the  Colour  of  the  Blood. 

ence.     lo  a  person  who  merely  sees  the  •'  -^ 

stream  as  it  flows,  or  who  examines  a  The  blood  in  all  animals  is  essentially 
mass  of  it  collected  in  a  cup,  immedi-  the  same,  although  it  difiters  very  con- 
ately  after  it  is  removed  from  a  vein,  siderably  in  coloiur  in  different  dasses. 
two  circumstances    appear  pretty  evi-  An  equal  difference  prevails  in  the  co- 
dent  ;  first,  that  it  is  a  fliud  substance  ;  lour  of  the  muscular  fibre  in  different 
and  secondly,  that  it  is  perfectly  homo-  species  of  animals ;  yet  all  phjrsiologists 
geneous  in  its  nature.    And  yet  it  is  not  are  agreed  that  there  is  no  difference  in 
a  fluid ;  or,  at  least,  it  does  not  long  re-  the  nature  of  the  muscular  fibre  from 
main  a  fluid,  for,  in  a  few  minutes,  a  the  lowest  animal,  in  which  it  can  be 
large  portion  of  it  is  converted  into  a  traced,  up  to  the  highest.    "  Some  ani- 
tolerably  firm  solid  ;     and,  instead  of  mals,**  says  Mr.  Hunter,  **  have  not  that 
being  homogeneous  in  its  nature,  it  is  part  of  the  blood  which  gives  it  the  red 
by  far  the  most  complicated  substance  colour,  but  the  other  parts,  as  the  lymph 
in  the  whole  body.    Moreover,  the  mode  and  serum,  as  far  as  1  yet  know,  are 
in  which  its  constituent  parts  are  united  the  same  in  all.** 
is  peculiar,  and,  in  some  important  par-        The  nutritive  fluid  of  the  lower  ani- 
ticulars,  resembles   nothing   else  with  mals,  then,  although  it  be  p^ectly  co- 
which  we  are  acquainted.    In  describing  lourless,  must  sti&   be    considered  as 
this  highly  curious  and  important  sub-  proper  blood.    In  the  insect  this  fluid  is 
stance,  we  shall  first  of  all  consider  its  transparent :  in  the  caterpiUar  it  is  of  a 
physical  ^  secondly,  its  chemical ;  and  greenish  colour :  in  the  internal  vessels 
thirdly,  its  vital  properties.    Although,  of  tiie  frog  it  is  of  a  yellowish  tint :  in 
at  first  view,  it  may  not  appear  to  be  a  the  higher  classes  of  animals  it  is  of  a 
natural  arrangement    to    describe    the  red  ccSour ;  but  even  in  these  it  is  red 
properties  of  a  substance  without  pre-  only  in  certain  parts  of  the  body :  thu<;, 
viously  stating  what  arc  its  component  in  fish  it  is  red  in  the  vital  oiigans,  as 
parts,  yet  the  constitution  of  the  blood  the  heart,  the  liver,  the  branchie  or 
IS  so  peculiar,  that  we  think  even  the  gills,  while  the  main  bulk  of  the  body, 
account  of  the    individual    substances  which  consists  of  muscles,  receives  only 
which  enter  into  its  composition  will  be  a  colourless  fluid ;   and  even  in  man 
more  intelligible,  and,  therefore,  more  there  are  parts  of  the  body,  the  vessels 
interesting,  to  the  general  reader,  by  the  of  which   are    too   minute    to    admit 
adoption  of  the  order  we  -propose  to  the  red  particles,  as    in  some  of  the 
follow.  tunics  of  the  eye,  in  the  tendons  and 
Of  the  Physical  Properties  of  the  aponeuroses    of  muscles,   and  in  the 
Blood,  serous  membranes.    It  is  of  the  deepest 
^    .  colour  in  quadrupeds,  although  in  some 
Among  the  physical  properties  of  the  birds  it  is  nearly  as  deep  as  in  any  class, 
blood  may  be  enumerated  its  consist-  It  is  deeper  in  soom  species  than  in 
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others :  it  is  deeper,  for  instance,  in  the  stopped ;   if  only  venous  blood  be  vi" 

hare  than  in  the  rabbit.    Even  in  the  lowed  to  flow  through  its  vessels,  instant 

same  species  there  is  considerable  diver-  insensibility  supervenes,  and  death  fol- 

sity,  and  especially  in  man,  upon  which  lows  in  a  few  seconds.     It  is  true,  in- 

diversity  many  physiologists  think  the  deed,  that  venous  blood  is  capable  of 

different    temperaments,  and    in  some  flourishing  some  organs  sufficient^  to 

measure,  also,  the  various  races  of  man-  prevent  them  from  perishing :  an  illa&- 

kind,  depend.    Even  in  the  same  indi-  tration  of  which  is  occasionsdly  afforded 

vidual  it  is  different  at  different  periods,  by  the   peculiar    disease    of    arteries, 

according  to  age,  to  disease,  and  even  termed  aneurism,  which  sometimes  cuts 

to  different  species  of  disease,  so  that,  off  from  a  limb  the  supply  of  arterial 

on  the  one  hand,  the  pallidness,  and,  blood :  yet,  in  such  cases,  the  membesr 

on  the  other,  the  duskiness  of  the  skin,  does  not  die,  althouc;h  it  languishes,  as 

ftnd  the  dark  and  livid  colour  of  the  all  oi^^ans  do  languish,  and  many  speedily 

cheeks,  are  alone  sufficient  to  disclose  to  mortify  when  they  do  not  receive  a  cer- 

the  physician  the  existence  of  some  of  tain  quantity  of  arterial  blood, 

the  most  formidable  maladies  to  which  ^ .  ^r    «      *ji   ^      -j     rj^rn^^ 

the  human  body  is  subject.  ^f  '^  ^^«^^^  ^^^^^'^  ^/  '^^  ^^'''^' 

It  will  he  seen  hereafter   that  the  The  specific  gravity  of  the  human  blood 

higher  animals  possess  what  is  termed  is  estimated  differently  by  different  au- 

a  double  circulation  :  that  is,  one  circu-  thors,  probably  because  it  differs  in  dif- 

lation  from  the  heart  to  the  lungs,  and  ferent  individuals,  and  in  the  same  indi- 

from  the  lungs  back  to  the  heart  again  ;  vidual  at    different    periods.      Taking 

this  is  called  the  pulmonary  circulation :  water  as  1000,  the  specific  gravity  of  the 

and  another  circulation  from  the  left  blood  may  be  stated  to  be  about  10.50: 

side  of  the  heart  to  all  the  parts  of  the  from  this  it  may  increase  to  about  1126. 

body,  and  from  all  the  parts  of  the  body  HaUer  stated  its  possible  increase  as 

back  to  the  right  side  of  the  heart;  this  high  as  1527,  but  all  modern  inquirers 

IS    termed    the    systemic    circulation,  are  agreed  in  affirming  that  it  has  never 

Now,  the  colour  of  the  blood  contained  been  actually  observed  as  hi^h  as  1126. 

in  the  two  sets  of  vessels  which  belong  to  The  specific  gravity  is  considerably  al- 

each  of  these  two  systems  of  circulation  tered  oy  disease;  the  effect  of  disease 

is  extremely  different :  in  the  one  set  it  is  almost  invariably  to  make  it  lighter : 

is  of  a  dark  or  Modena  red :  in  the  other  in  one  instance,  on  record,  it  was  found 

it  is  of  a  light  scarlet  colour.    The  ves-  as  low  as  1022.    Dr.  Davy  states  that 

sels  which   contain  the  dark-coloured  arterial  is  lighter  than  venous  blood :  he 

blood  are    called    veins:    the    vessels  estimates  arterial  at  1049,  and  venous  at 

which    contain    the     scarlet-coloured  1052.    The  more  perfect  the  organiza- 

blood  are  termed  arteries.    The  veins  tionof  the  blood,  or  the  higher  the  degree 

convey  the  blood  to  the  heart :  the  ar-  of  vitality  it  possesses,  the  p-eater  ap- 

teries  carry  out   the  blood   from   the  pears  to  oe  its  specific  gravity :  for,  in 

heart,  and  distribute  it  to  all  the  parts  the  higher  order  of  animSs,  and  in  man, 

of  the  body :  the  arterial  blood  is  the  it  is  heavier  than  in  the  lower,  and  the 

proper  nutritive  fluid:  the  venous  blood  effect  of  disease,  as  has  just  been  stated, 

is  that  which  remains  after  it  has  been  is,  to  lessen  its  weight. , 

subjected  to  the  various  processes  of  ..r^^^.    «,           .        ^^i    n,    _, 

nutrition,  and  which  is  carried  back  to  Qf^^  Temperature  qf  the  Blood. 

the  heart,  and  thence  to  the  lungs,  in  The  temperature  of  the  blood  differs 

order  to  be  renovated,  that  is,  in  order  considerably  in  different  classes  of  ani- 

to  be  reconverted  into  arterial  blood,  mals.     In  cold-blooded    animals   and 

The  changes  which  take  place  in  the  some  quadrupeds  the  temperature   is 

blood,  and  which  occasion  this  striking  considerably  higher  than  in  man.    In 

alteration  in  its  colour,  will  be  describea  the  sheep  it  is  102^  or  103^,  but  of 

in  the  proper  place.  all  animals  it  is  highest  in  birds ;   in 

It  has  just  been  stated  that  arterial,  the.  duck  it  is  ,107°;  and  in  man  it  is 

in  contradistinction  to  venous  blood,  is  about  98<>.    It  is  said  to  be  warm  in 

the  proper  nutritive  fluid ;  and,  indeed,  proportion  as  it  is  near  the  heart.    It  is 

it  is  absolutely  essential,  both  to  the  sus-  the  general  opinion  that  the  blood  of  the 

tenance  of  life,  and  to  the  excitement  of  artery  is  warmer  by  one  degree  than  that 

the  vital  organs  to  the  due  performance  of  the   vein.     Disease   is  capable  ol 

of  their  funciious.    If  the  circulation  of  affecting  \\s  Vem^x^Vox^  n^x^  ^^tvsA^x- 

arterial  blood   through    the   bnm  be  ably,    lnlYv6CoUt^Xol«Je\<i^^.^^'^^^^'t^^ 
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obierved  as  low  m  94®;  and  in  some  cesses  in  which  a  similar  conyersioQ 

ardent  fevers  it  has  risen  as  hifch  as  10S®»  takes  place,  there  is  an  absolute  extri- 

or  even,  as  some  affirm,  still  higher,  cation  of  caloric :  for  if,  durinji;  the  for- 

Prom  some  experiments  of  Hunter,  he  mat  ion  of  the  clot,  a  thermometer  be 

concludes  that  a  moderate  d^ree  of  moved  first    into  the  coagulated  and 

inflammation  is  capable  of  raising  it  4°^  afterwards  into  the  fluid  part,  it  will 

and  an  interne  iimammation  7®  above  indicate  a  difference  in  the  temperature 

the  nfUurid  standard.     The  power  of  of  6° ;  and  if  the  system  be  sufferinK 

aU  animsls  to  maintain,  with  little  varia-  under  a  state  of  inflammation,  of  12®. 

tion,  the  temperature  at  which  the  funo-  The   relative   proportions  of  the  two 

tkms  of  their  economy  are  performed  in  constituent   psrts    of  the    blood,   the 

the  best  manner,  wliatever  be  the  tem^  crassamentum  and  the  serum,  is  van- 

peratore  of  the  medium  by  which  they  ously  estimated.    It  is  difficult  to  ob- 

are  surrounded,  has  already  been  largely  tain  an  accurate  result,  because  the 

stated.  But  man,  although,  as  has  been  separation  is   incomplete,  a  portion  of 

shovm,  his  natural  tempmture  is  much  the  senun  always  remaihinK  attached 

less  than  that  of  some  other  animals,  to  the  crassamentum,  while  the  jpropor- 

hat  by  fiu*  the  greatest  power  of  main-  tion  itself  varies  considerate  in  (uflmnt 

tainin^  steadily  his   own  temperature  individuals,  and  in  the  same  inffiyidual 

under  mtense  degrees  of  cold,  and  still  at  diffisrent  times ;  but,  as  a  general 

more  intense  de^ees  of  heat  average,  it  may  be  stated  that  the  crassa- 

n*  4hM  nk^m^i.^  r^tiM^wtiu^  ^rtk^  «nentum  amounts  to  about  ooe-thizd  of 

Of  the  ChemMe^Pr^perUm  qfthe  ^j^^  ^^^^  ^^  ^^  ^^^^ 

^^'^  The  crassamentum,  aflta*  a  certain 

It  has  been  stated  that  the  Mood  is  an  time,  further  separates  into  two  Afferent 

exceedingly  compound  substance,  con-  narts,  into  a  solid  substance  of  a  yd- 

sitting  of   many  different  ingredients  towish  white  colour,  and  into  a  red  mass, 

which  are  held  m  union  in  a  manner,  in  to  which  t  he  colour  of  the  blood  is  owing, 

some  respects  pecuhar ;  and  that,  when  When  the  first  substance  is  examined, 

it  first  flows  from  the  vessel,  and  for  it  is  found  to  be  a  solid  of  a  consider* 

some  time  afterwards,  it  is  fluid.    At  a  able  consistence,  soft,  yet  firm,  elastic, 

certain  period  this  fluid  separates  into  tenacious,    so   disposed  to    assume  a 

two  distinct  parts—into  a  solid  mass,  fibrous  arrangement  as  occasionally  to 

and  into  a  yellowish  fluid  in  which  the  form  a  net- work  of  fibres,  and  bearing 

solid  mass  swims.    The  solid  portion  in  its  general  aspect,  as  well  as  in  its 

isitermed  the  clot,  or  the  crassamentum:  chemical  relations,   a  striking  resem- 

the  fluid  portion  is  called  the  serum,  and  blance  to  pure  muscular  fibre,  that  is, 

the  process  by  which  the  separation  to  muscular  fibre  deprived  of  its  enve- 

takes  place  is  denominated  coagulation,  loping  membrane  and  of  its  colouring 

The  period  at  which  coagulation  takes  matter.  This  substance  is  designated 
place  varies  according  to  a  great  variety  by  several  names,— gluten,  coagulable 
of  circumstances,  which  are  chiefly  in-  lymph,  fibre  of  the  blood,  fibrin :  the 
teresting  to  the  physician,  and  into  the  last  is  its  most  appropriate  and,  now, 
detail  of  which  it  is  not  necessary  to  most  common  name.  The  second  con- 
enter  at  present.  It  is  sufficient  to  ob-  stituent  of  the  crassamentum,  the  red 
serve,  that  the  process  commences  in  matter  which  separates  from  the  fibnn, 
about  three  minutes  and  a  half  after  the  consists  of  innumerable  minute  bodies 
blood  leaves  the  vessel,  and  is  completed  of  a  rounded  or  globular  figure,  and 
in  from  twelve  to  fifteen  or  twenty  mi-  which  are  termed  the  red  particles  or 
nutes.  It  is  commonly  stated  that,  upon  globules. 

an  average,  venous  blood,  in  a  stale  of  The  specific  gravity  of  the  fibrin  is 

Health,  IS  coajfulated  in  seven  minutes,  greater  than  that  of  the  serum,  in  con- 

When  first  drawn  from  its  vessel  it  sequence  of  which  tlie  former  floats  in 

possessesatemperatureevidentlygreater  the  latter;  yet  the  surface  of  both  sub- 

than  that  of  the  atmosphere.    As  long  stances  is  always  found  nearly  on  a 

as  It  retains  Its  heat,  an  aqueous  vapour  level,  so  that  their  specific  gravity  can- 

arises  from  it.  which  is  called  its  halitus,*  not  greatly  differ.    On  the  contrary,  the 

and  which  possesses  a  lOBtid  odour,  which  red  particles  are  heavier  than  the  tit)rin, 

IS  much  stronger  in  carnivorous  than  in  whence  they  subside  during  coagulation 

granivorous  animals.     In  the  process  to  its  lower  surface,  forming  the  bottom 

or  coagulation  the  blood  is  changed  from  of  the  clot. 

afluidintoa8oUd,and,asinoSierpro.  The  fibrin  is  by  far  the  most  impor* 
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tant  pftrt  of  the  blood :  it  is  found  in  form  a  net- work,  in  the  meshes  of  which 

animals  in  which  the  red  particles  are  they  mechanically  entangle  a  quantity 

absent :  coagulation  depends  upon  it :  both  of  the  serum  and  of  the  colouring 

it  forms  the  solid  structures  of  the  body :  matter ;  that  these  latter  substances  may 

it  constitutes  the  basis  of  muscle,  and  m  be  removed  by  draining  and  by  ablution 

the  lower  animals,  which  are  destitute  in  water;   that  when   this  is  accom- 

of  the  red  particles,  it  probably  performs  plished  there  remains  only  pure  Abrin : 

the  function  of  muscle.  that,  consequently,  fibrin  consists  of  an 

Of  the  red  particles,  whatever  be  their  aggreeration  of  the  central  globules  of 

nature  and  structure,  it  may  safely  be  the  red  particles,  while  the  general  mass 

said  that  they  are  the  least  important  that  constitutes  the  crassamentum,  or 

part  of  the  blood,  although  they  have  clot,  is  composed  of  the  entire  particle, 

obtained  tlie  g^atest  share  of  attention.  It  is  further  stated  by  these  distinguished 

and  have  been  the  subject  of  innumer-  physiologists  that  the  colouring  matter 

able  observations  and  experiments.     In  of  the  external  envelop  consists  ef  a 

man^  animals  they  are  entirely  wanting,  union  of  a  peculiar  anunal  substance 

and  m  all  they  are  absent  in  some  parts  of  a  gelatinous  nature  with  the  peroxide 

of  the  body.  of  iron. 

When  the  smallest  drop  of  blood  is  Of  all  animals,  the  red  particles  are 

examined,  the  number  of  these  particles  largest  in  the  skadte.    In  fish  in  general 

contained  in  it  appears  to  be  countless :  they  are  larger  than  in  any  other  class* 

their  ma^itude  is  so  minute  that  they  After  fish,  their  magnitude  is  greatest 

can  be  distinguished  only  by  the  mi-  in  reptiles.    In  birds  they  are  much 

croscope.    Their  figure  and  bulk  are  smaller ;  and  in  man  they  are  smaller 

different  in  different  species  of  animals :  than  in  any  other  animal.    The  estima- 

in  the  reptile,   the  iish,  and  the  bird  tion  of  their  diameter  in  the  human 

their  form  is  elhptical :  in  all  the  fbam-  blood    by    different    observers    varies 

malia  and  in  man  they  are  circular,  greatly.    According  to 

In  the  human   blood  the  best  observ-  Bauer,  without  colouring!     ,    partofaninch 

ers  are  agreed  in  representing   them  matter,          .     .      jtt^^P 

as  circular,  flattened,  transparent  bo-  Bauer,  with  ditto,      .      s«Vv 

dies,  with  a  dark  spot  in  the  centre,  WoUaston,              .       j^z 

which  is  owing  not  to  a  perforation.  Young,         .                 i^n 

but  to  a  depression.       They  consist  Kalier,      •       •       •    1^5 

of  an  external  envelop  and  of  a  oen-  ^^^?^  "^  ^""""'        »'^» 

tral  nucleus :   the  external  envelop  is  r^^;  blood  of  differem  iiimals  differs 

J^;^"^  nf  "'•'^'f  ^\  '^  f  °^'''?'  ^''i  ^^"^  exceedingly  m  the  relative  quantity  of 

blood.    The  internal  nucleus  is  colour-  ^^   ^  ^^^^^  -^  ^^^^^^ .  ^^  „^^ber 

less ;  the  nucleus  w  independ«it  of  its  La^^^  ^e^  an  exact  ratio  with  the 

envelop,  for  when  the  latter  IS  destroyed  tiS^rature  of  the  animal:  the  higher 

ThP  ZtZ  ItJ^Lyl^X^Trtln'^:.  the  natural  temperature  the  greater^'the 

The  nucleus  is  much  smaUer  than  the  proportion  of  prides :  arterial  contains 

envelop,  bemg,  according  to  Dr  Young,  P    P  j^        ^  P  proportion  of  them  than 

only  about  one-thu'd  the  length,  and  -.J^JLyg  feood 

T^'^'mU*'''^'^^^  ""^  the  entire  paili-  ^y    j^       ;^^  ^^^t  innumerable  par- 

cle.    MM.  Prevost  and  Dumas,  who  ^j^jes  are  found  in  the  chyle,  and  that 

have  mvestitrated  this  stibject  with  ex-  ^^   ^  j^^,  particles  are  colourless.    It 

treme  care,  and  have  arrived  at  several  .    ^^J^^  ^YiiX  the  magnitude  of  these 

highly  curious  and  important  resuhs,  .  j        particles  is  precisely  the  same 

state  that,  in  heir  view,  the  blood  con-  \^^^  Jf^y^^  central  globule  of  the  red 

sists  essentiaUy  of  serum,  m  which  are  ^j^,^  ^^  ^j^^  bjo^d^    H  is  supposed 

suspended  a  quantity  of  red  policies  :  fhat  the  chylous,  colourless  particles  ob- 

that  each  ot  these  particles  consists  of  an  ^.    ^j^^  /^j        ^j  consequently  their 

externa^  red  vesicle,  which  inctoses  m  ^^^  ^^^              ^hi^J  jt  depends. 

Its  centre  a  colourless  globule :  that  •     ^^^  j           'it  f    therefore,  in  this 

during  the  progress  of  coagu  aUon  the  that  the  process  of  di^stion  is 

external  vesicle  bursts  and  aUows  the  ^oSipleted.  the  chyhferous  bSng  here 

central    globule  to  escape  ;  that,   on  eompletely  convert^  into  sanguinBerous 

losing  then:  external  covering  the  central  loJIJfli^-  ' 

globules  are  attracted  together;   that  P"^^'®*'                    ^^u    m  ^ 

they  are  disposed  to  arrange  themsdves  Of  ^^  ^^^'^  ^  '^  ^'^^-       ^ 

in  lines  and  fibres ;  that  these  fibres  When  the  fibrin  separates  firom  the 
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crassamentum  or  clot,  it  floats  in  a  fluid    of  some  chemical  agent,  the  whole  of 
which  is  termed  the  serum.    Serum  is  a    the  serum  is  coagulated  into  a  solid 


taste  and  adhesive   consistence  .       .  .t.    ,.,     j        .*.i_ 

most  remarkable  and  characteristic  pro-  serosity  of  the  blood,  or,  if  the  mass  be 

perty  is  that  of  coagulation  by  heat  and  subjected  to  pressure,  the  same  fluid 

{^certain  chemical  agents.    At  a  tern-  may  be  obtained  from  it    The  serosity, 

perature  of  160^  it  is  converted  into  a  then,  is  the  watery  fluid  obtained  from 

white  and  opaque  substance,  of  tolerably  the  serum  after  its  coagulation,  and  it 

firm  consistence.   In  this  state  it  exactly  is  this  fluid  which  b  observed  to  issue 

naembles  white  of  eg|p  when  hardened  from  meat  at  table  when  cut  into,  ss 

byboiling,  andisfouMtobeofthesame  mutton  and  beef,  and  which  is  then 

mLture,  whence  it  is  termed  albumen.  called  gravy. 

l^e  proportion  of  serum  to  the  crassa-  Sudi  are  the  individual  substances 

mentum  mffers  exceedingly  in  different  which  enter  into  the  composition  of  the 

species  of  animals,  and  in  the  same  ani*  blood.    All  these  substances,  like  those 

mals  at  different  times,  according  to  the  which  constitute  animal  matter  in  gene- 

atate  of  the  system.    It  appears  to  have  ral,  are  resolvable  into  the  ultimate  ele- 

a  close  relation  to  the  sfrragth  and  faro-  ments  of  carbon,  oxygen,  l^rogen,  and 

dfy,  or  the  weakness  and  gentleness  of  azote.    Tables  are  given  m  the  works 

the  animal,  beihj^,  for  example,  much  which  treat  of  animal  chemistry,  showing 

smaller  in  quantity  in  all  the  camivora  the  respective  proportions  in  which  these 

than  in  the  sheep,  the  hare,  and  other  elements  comoine  to  form   albomen, 

timid  animals.    It  is  much  increased  in  fibrin,  jelly,  and  so  on ;  ^but  these  need 

certain  diseases :  it  is  the  fluid  which  is  not  be  quoted  here, 

poured  out  into  the  different  cavities  in  Thus  it  appears,  fit>m  the  preceding 

dropsy,  while  in  some  inflamikiatorydis-  account,  tlMt  the  different  appreciable 

eases  its  quantity  is  considerably  dimi-  and  known  constituents  of  the  blood  are 

nished.  the  hahtus ;  the  crassamentum,  which 

With  regard  to  its  chemical  properties,  consists  of  fibrin  and  of  red  psjrtides; 

it  contains  a  quantity  of  uncombined  the  serum,  which  is  composed  of  albu- 

alkali,  for  it  converts  the  vegetable  co-  men,  and  of  a  watery  fluid  termed  the 

lours  to  green.    It  holds  in  solution  va-  serosity ;    and  of   various  earthy  and 

rious  earthy  and  neutral  salts,  which  saline  substances  held  in  solution  \vf 

exist  in  it  with  remarkable  constancy,  the  serum. 

and  nearly  in  the  same  proportion  un-  /^^ji    rr-^  in         j-       ^jt    d?  ^^  ' 

der  all  cireumstances.    bn  analysis,  it  ^/'**  ^'"^  Properties  of  the  Blood.  . 

is  found  that  1 000  g^rains  of  serum  yield  The  blood  not  only  maintains  the  life  of 

rather  more  than  nine  grains  of  saline  all  the  other  parts  of  the  body,  but  it  is 

matter :  of  these,  about  six  and  a  half  itself  alive.    Some  obscure  notion  of 

consist  of  muriate  of  soda,  .combined  tins  kind  prevailed  at  a  very  early  period, 

with  a  small  quantity  of  muriate  of  pot-  and  is  alluded  to  by  Hippocrates.    Har- 

ash,  about  one  and  a  half  of  subcarbo-  vey  formed  a  clearer  conception  of  the 

nate  of  soda,  with  a  minute  quantity  of  truth,  and  Hunter  states  the  fact  dis- 

sulphate  of  potash,  together  with  the  tinctly,  and  in  adducing  the  proofs  of  it 

Ehosnhates  of  lime,  iron,  and  magnesia,  which  occurred  to  him,  observes,  that  he 

ulphur  is  also  present  in  it,  as  is  proved  had  long  suspected  that  life  was  not 

by  Its  tarnishing  silver  and  blackening  wholly  confined  to  substances  endowed 

the  acetate  of  lead.     It  is  supposed  that  with  visible  organization,  and  capable 

the  saline  matter  contained  in  the  serum  of  spontaneous  motion.    Since  the  time 

of  the  blood  stimulates  the  nerves  of  the  of  Hunter  the  opinion  has  been  slowly 

heart,  and  thus  contributes  to  the  con-  but  steadily  extending  among  physiolo- 

traction  of  its  muscular  fibres ;  that  it  gists,  and  the  evidence  of  its  truth  may 

aids  in  the  operations  of  the  secreting  now  be  considered  as  completely  salis- 

organs ;  that  it  contributes  to  the  pro-  factory. 

cess  of  digestion,  and  that  it  affords  the  1.  There  can  be  no  evidence  that  a 
materials  of  which  the  earthy  portion  of    substance  is  alive  but  that  it  exhibits  the 

the  bones  is  formed.  phenomena  which  have  been  stated  to 

0/  the  Serosity  of  the  Blood.  be  peculiar  to,  and  therefore  character- 

-.     .        ,      ,         ^   '  istic  of,  life.     Whatever  be,  in  other 

If,  when,  by  the  application  of  heat  or  respects,  the  condition  of  a  body  which 
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9  truly  vital  phenomena,  it  must  precisely  the  same  results  were  ohtained 
litted  to  be  a  living  body.  Now,  m  analogous  experiments  with  the 
x>d  exhibits  several  of  the  most  blood.  On  ascertaining  the  degree  of 
teristic  properties  of  life.  In  the  cold  and  the  length  of  time  necessary  to 
ace,  it  is  capable,  like  other  living  freeze  blood  immediatdy  taken  from  the 
,  of  resisting,  within  a  wide  range,  blood-vessel,  he  found  that,  as  in  the 
inary  influence  of  physical  agents,    egg,  a  much  shorter  period  and  a  much 

illustrations  have  already  been  less  degree  of  cold  were  requisite  to 
>f  the  extraordinary  power  of  the  freeze  blood  that  had  previously  been 
body  to  resist  intense  degrees  of  frozen  and  again  thawed,  than  blood 
id  cold.  Among  these  was  men-  recently  taken  from  the  vessel.  It  is 
.  and  we  must  a^in  advert  to  it,  reasonable  to  infer  that  this  difference 
count  of  its  stnkine  analogy  to  arises  from  the  same  principle ;  the  vita- 
\   phenomena  exhibited  by  the    lity  of  the  recent  blood,  being  compara- 

the  preservative  power  of  the  tively  undiminished,  enables  it  to  resist 
It  is  well  known  that  the  ^gpos-  the  cold  longer  than  blood  the  vital 
the  power  of  self-preservation  for  energy  of  which  has  already  been  partly 
I  weeks,  although  exposed  to  a    exhausted  by  previous  exposure  to  the 

of  heat  which  would  certainly  influence  of  this  physical  agent, 
on  the  putrefaction  of  dead  ani-  2.  Hunter  adduces  some  facts  to  show 
latter,  bunngthe  period  of  in-  that  the  blood,  like  other  living  sub- 
on  the  egg  is  kept  at  a  heat  of  stances,  originates  motion  and  action, 
the  hen*s  egg  for  three,  that  of  the  We  know  that  if  a  living  e^  be  placed 
for  four  weeks  :  yet  when  the  under  a  hen,  or  even  exposed  for  a  cer- 
is  hatched,  the  entire  yolk  is  found  tain  time  to  a  degree  of  artificial  heat 
tly  sweet,  and  that  part  of  the  equal  to  that  in  which  it  is  maintained 
en,  or  white,  which  has  not  been  during  incubation,  certain  motions  or 
led  in  the  nourishment  of  the    actions  spontaneously  arise  within  it 

animal,  is  also  quite  fresh.  It  is  which  terminate  in  the  development  of 
that  if  the  preservative  principle  the  chick.  This  illustrious  physiologist, 
itroyed.  as  it  may  be  instantane-    from  certun  observations  which  he  was 

by  passing  the  electric  fluid  the  first  to  make,  was  led  to  the  conclusion 
;h  the  egg,  it  becomes  putrid  *in  that  an  analogous  process  occasionally 
ime  time  as  other  dead  animal  takes  place  in  the  blood.  If  in  the  liv- 
r.  'mg  Ixxly  blood  l>e  efiused  from  its  ves- 

power  of  resisting  cold  is  proved    sds,  either  upon  the  surfaces  of  organs 

equally  great  by  several  curious  or  into  cavities,  it  solidifies  without  losing 
iments  of  Hunter,  which  were  so  its  principle  of  life :  it  is  not  correct  to 
;ed  as  to  show,  at  the  same  time,  say  that  the  blood  coagulates  under  such 
the  power  of  the  vital  principle  in  circumstances,  for  the  term  coa^ation 
ng  the  physical  agent  and  the  influ-  should  be  confined  to  the  solidification 
of  the  physical  agent  in  diminish-  of  the  blood  without  the  body.  If  the 
le  energy  of  the  vital  principle,    solid  thus  produced  be  examined  some 

he  exposed  an  egg  to  the  tempe-  time  after  its  formation,  it  is  found  to 
J  of  17°  and  15°  of  Fahrenheit:  abound  with  blood-vessels.  Some  of 
ind  that  it  took  about  half  an  hour  these  vessels  can  be  distinctly  traced 
eze  it.  When  thawed,  and  again  from  the  surrounding  living  parts  into 
ed  to  a  cold  atmosphere,  it  was  the  solid :  others  cannot  be  traced  from 
1  in  one  half  the  time,  and  when  these  parts.  Those,  the  origin  of  which 
at  the  temperature  of  25°.  He  could  not  be  found  external  to  the  solid, 
)ut  a  fresh  egg,  and  one  that  had  were  supposed  by  Hunter  to  be  formed 
)usly  been  frozen  and  again  thawed,  wit hin  it  It  is  obvious  that  if  this  were 
El  cold  mixture  at  15°:  the  dead  really  the  fact,  such  a  solid  would  com- 
was  frozen  twenty-five  minutes  mence  an  action  which  would  terminate 
r  than  the  fresh.  It  is  obvious  in  its  oi^anization— an  action  perfectly 
in  the  one  case,  the  undiminished  analogous  to  that  by  which  the  incu- 
iy  of  the  fresh  egg  enabled  it  to    bated  egg  commences  a  series  of  move- 

the  low  temperature  for  so  long  a  ments  which  terminate  in  the  develop- 
i :  in  the  other  case,  the  diminished  ment  of  the  chick  ;  an  action  which  no 
istroyed  vitality  of  the  frozen  e^  substance  could  possibly  originate  unless 
lioned  it  speedily  ta  yield  to  the  in-  it  were  endowed  with  life.  It  must  \ye 
ce  of  the  physical  ageat    Now,    confessed,  however,  that  it  is  doubtful 
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whether  the  fact  be  correct,  eiipecially  as  be  impeded  by  the  very  instrument  that 
thus  stated.  There  is  no  doubt  that  the  was  essential  to  them.  A  fluid  must  be 
blood  thus  solidified  within  the  body  formed  capable  of  becoming  solid  with 
becomes  organized.  The  point  unsettled  ease  and  certainty ;  and  at  the  same 
is»- whether  the  vessels  which  organise  it  time  capable  of  maintaininji^  its  fluidity 
shoot  into  it  from  the  living  parts  in  with  the  like  ease  and  oertamty.  Now^ 
contact  with  it,  or  originate,  partly  at  a  sul>8tance  endowed  with  propertias  so 
least,  within  itself:  the  doubt,  however,  opposite,  and  whose  continuity  oNf  pro- 
does  not  interfere  with  the  present  argu-  perties  is  so  constantly  called  mto  j^y, 
ment :  a  dead  substance,  thus  sur*  and  is  so  essential  to  the  ultimate  par- 
rounded  by  living  parts,  does  not  become  pose  of  its  action,  is  found  in  nothing 
organized  ;  the  blood  does»  and  the  purely  mechanical :  human  ingenuity 
argument  is  that,  therefore,  it  must  itsdf  can  construct  no  machinery  analogoas 
possess  vitaUty.  to  it :  it  is  ibund  only  in  the  mechanisa 

3.  An  argument  in  finvour  of  the  vita-    of  life,  and  the  prx^^etij  is  so  peculiar 
lity  of  the  blood  more  conclusive^  be-    to  life,  and  so  distinctive  of  if.  that  wf 
cause  the  fact  upon  which  it  is  founded    have  no  other  resource  th«a  to  leftr  all 
is  unquestioned  and  unquestionable,  is    the  particular  facts  of  this  kiad  that  are 
derived  from  its  fluidi^.     We  know    met  with  to  the  principle  of  lifB^  and  to 
that,  while  droulatii^  within  its  vessels,    say  that  they  depend  upoQ  a  vital  piin- 
it  is  maintained  in  a  fluid  state.  It  could    ciple.     We  cannot  avoid  aooie  such 
not  circulate,  it  coukl  not  readily  divide    modes  of  expression*  and  in  fiMt  this  is 
« itself  so  as  to  permeate  through  the  con-    the  language  unifimnly  emi^oyed  bf  all 
stantly  diminishing  tubes  of  the  arteries*    physiologi!^    When  thegr  obasrre  that 
and  the  minute  branches  of  the  veins,    the  blood  while  it  circttlatea  m  the  Uv^ 
unless  it  were  fluid.    All  the  actiona  of    ing  vessel  maintains  its  fluidtty*  bn^  be* 
the  economy  would  instantly  cease,  sll    comes  solki  almost  immediately  after  it 
the  wheels  of  the  machinery  woukl  be    is  withdrawn  from  the  vessel;  when 
dogged  and  stepped,  were  the  mass  in    they  observe  that  it  is  not  the  CMatioa 
the  living  body  to  become  solid,  or  even    of  its  circulation  that  causes  its  adidifi- 
to  approach  to  the  soUd  state.    And  yet    cation,  since,  on  making  the  experiment, 
its  power  of  becoming  solid  is  a  property    they  find  that  if  it  be  kept  at  the  same 
so  essential  to  it,  that  without  it  all  its    temperature  as  in  the  livmg  l>ody,  and 
other  properties  would  be  useless,  be-    made  to  circulate  with  equal  rapidity 
cause  it  is  upon  this  power  that  the    throueh  a  dead  tube,  it  equally  becomes 
construction  of  the  solid  textures  entirely    a  solid,  they  say  it  is  maintained  in  a 
depends.  We  have  seen  that  its  tendency    fluid  state  b^  the  principle  of  life.    We 
to  assume  a  solid  state  is  so  great  that,    ought,  however,  nevor  to  forget  that  all 
when  removed  from  the  living  vessel,  a    expressions  of  this  kind  amount  to  no 
large  portion  of  it  is  converted  into  a    more  than  the  general  statement  of  the 
firm  solid  in  a  few  minutes ;  and  that,    frict  that  the  phenomena  in  question  are 
even  within  its  vessel,  if  any  circum-    uniformly  found  in  connexion  with  the 
stance  happen  to  interrupt  the  circula-    condition  of  life ;  and  still  less  ou^ht 
tion  for  a  considerable  time,  it  is  exceed-    such  language  to  divert  our  attention 
ingly  apt  to  become  solid,  and  to  plug    from,  or  render  us  insensible  to,  the 
up  the  channel     It  is  probable  that    beauty  and  wisdom  of  adjushnents  which, 
slow  motion  increases  its  consistence  in    perhaps,  we  do  not  perceive  to  be  me- 
an appreciable  degree :  it  is  certain  that    chanism  only  because  the  mechamsm 
absolute  rest  greatly  promotes  and  has-    so  much  surpasses  in  delicacy  and  per* 
tens  its  solidification.     Some  of  the    fection  any  with  which  our  gross  senses 
most  important  and  essential  actions  in    have  made^us  acquainted, 
the  economy  appear  to  depend  upon        4.  The  blood  must  be  a  living  sub- 
this  property,  for  the  arrangement  of  the    stance  because  it  is  capable  of  dying, 
secerning  vessels  in  all  the  organs  of    It  is  capable  of  sudden  death ;  for  if  the 
secretion   is    uniformly  and  strikingly    electric  fluid  be  passed  through  it,  it  is 
such  as  to  ensure  an  exceedingly  slow    killed  instantaneously,  as  has  been  stated 
motion  of  the  blood  through  them.    It    already  in  a  former  part  of  this  treatise, 
was  necessary,  then,  in  constructing  the    But  it  may  be  said  to  undeigo  the  pro- 
blood,  to  preserve  the  balance  between    cess  ofnaturaldeath,aprocess  which  has 
its  fluidity  and  soUdity  so  nicely,  that,    already  been  described  under  the  name 
while  all  the  purposes  of  the  economy    of  coagulation.    When  this  prootn  is 
should  be  secured,  jts  actioiis  shouki  not    attentively  fynrpimw^  it  will  bo  loimd  to 
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be  a  very  curious  operation,  bearinff  it  will  be  found  to  be  perfectly  fluid, 
little  analogy  to  any  other  with  which  Numerous  experiments  show  tnat  the 
we  are  acquainted,  and  the  cause  of  blood  most  readily  coagulates  at  its 
which  there  is  considerable  difficulty  in  natural  temperature  (98°) ;  that  it  coa- 
assi;::nin^.  Perhaps  the  process  which  gulates  most  slowly  between  60°  and 
bears  the  greatest  resemblance  to  it  is  90° ;  and  that  below  38°  and  32°  it  does 
the  coagulation  of  albumen  ;  but  there  not  coa^ate  at  all,  but  remains  fluid. 
is  this  essential  difierenoe  between  the  While  it  is  evident,  therefore,  that  nei- 
two, — that  albumen  does  not  coa^ate  ther  rest,  nor  exposure  to  atmospheric 
of  itself,  but  only  on  the  application  of  air,  nor  cold,  are  essential  to  this  curious 
heat  or  of  some  chemical  re-agent ;  process,  yet  all  observation  and  experi» 
whereas  the  blood  coagulates  spontane-  ment  aj^e  in  showing  that  each  pro- 
ously.  Little  light  is  thrown  on  the  motes  it  in  a  considerable  degree, 
subject  by  considerins:  the  different  cir-  These  observations  abundantly  attest 
cumstances  in  which  the  blood  is  placed  how  little  the  process  of  coagulation  is 
when  contained  within  its  vessel  and  dependent  on  physical  agents :  there  are 
when  withdrawn  from  it.  In  the  one  other  phenomena  connected  with  it, 
ease,  it  is  in  constant  motion,  in  the  other  which  show  how  closelv  it  is  related  to 
it  is  in  a  state  of  rest :  in  the  one  case  it  the  actions  of  life — phenomena  which 
is  excluded  from  the  air,  in  the  other  it  is  prove  that  the  vitality  of  the  blood  in- 
exposed  to  it :  in  the  one  case  it  is  main-  creases  or  diminishes  with  the  vitality  of 
lained  in  an  e^ual  and  somewhat  high  othtr  parts  of  the  body.  The  blood, 
temperature,  in  the  other  it  is  placed  when  drawn  from  its  vessel,  does  not 
in  a  tempmture  considerably  lower,  instantly  die  or  coagulate.  Hy  observing 
Accordingly,  rest  and  exposure  to  the  the  length  of  time  consumed  in  the  pro- 
atmospheric  air  and  to  cold  have  been  cest,  we  are  able,  in  some  sort,  to  mea- 
assigned  as  the  causes  of  the  coagula*  sure  the  degree  of  vital  energy  it  pos- 
tion  of  the  blood.  sessed.     It  is  found  that  in  diseases 

But  that  rest  alone  is  not  sufficient  to  which  depend  on  a  preternatural  energy 

cause  the  coagulation  of  the  blood,  is  of  vital  action,  as  in  inflammation,  the 

evident,  on  the  one  hand,  because  one  blood   coagulates    much    more  slowly 

of  the  most  common  methods  of  obtain-  than  in  a  state  of  health,   while  the 

ing  a  coagulum  is  by  constantlj^  stirring  coagulation  itself  is  more  perfect ;  and, 

the  blood  as  it  flows  from  a  vein ;  and,  on  the  contrary,  that  in  diseases  which 

on  the  other,  because  when  a  tourniquet  depend  on  a  diminution  of  the  vital 

is  applied  to  a  vessel  the  blood  contained  energy,  as  in  certain  fevers,  it  either 

in  it  remains  fluid :  moreover  in  fainting  coagulates  much  more  rapidly,  or  does 

fits,  however  long  continued,  in  which  not  coagulate  at  all :  because,  in  the 

the  circulation  appears  to  be  stopped,  first  case,  it  possesses  the  vital  principle 

coagulation  does  not  take  place.  in  a  higher  degree  than   natural,  and. 

That  exposure  to  atmospheric  air  is  therefore,  resists  longer  the  influence  of 
not  essential  to  coagulation  is  equally  the  physicd  agents  to  which  it  is  ex- 
certain  ;  for  Mr.  Hunter  proved  that  posed ;  and,  in  the  second  case,  it  pos- 
coagulation  takes  places  in  vacuo ;  and  sesses  the  vital  principle  in  a  less  de- 
we  have  seen  that  it  occurs  in  situations  gree  than  natural,  and,  therefore,  sooner 
from  which  the  air  must  necessarily  be  ex-  yields  to  the  influence  of  those  agents, 
eluded ;  in  living  vessels,  in  various  cavi-  A  phenomenon  connected  with  the  coa- 
ties  of  the  body,  and  on  its  surface :  thus,  gufation  of  the  blood,  of  great  import- 
when  a  blow  has  been  received  on  the  ance  to  the  physician,  depends  on  this 
eye,  causing  the  appearance  which  is  principle:  namely,  the  formation  of 
termcNLl  ecchymosis,  if,  in  about  half  an  what  is  termed  the  "  buffi^  coat,**  an  ap- 
hour  after  the  blow  has  been  received,  a  pearance  in  the  blood  which  denotes  in- 
lancet  be  plunged  into  the  wound,  the  nammatory  action  in  the  system,  and 
blood  win  be  found  coagulated.  the  presence  of  which  afibrds  an   in- 

Neither  is  cold  necessary  to  the  pro-  valuable   guide    in   the    treatment    of 

cess.    The  temperature  of  the  fish  is  disease.    The  terms  ^'bufi*"  or  "size** 

about  60° :  if  the  blood  of  the  fish  be  are  employed  to  denote  that  state  of  the 

removed  firom  the  body,  and  broujg^ht  crassamentum  when  its  upper  part  con- 

into  a  temperature  of  about  70°,  it  im-  tains  no  red  particles,  but  exhibits  a 

mediately  coagulates.    If  blood,  taken  layer  of  buff-coloured  substance,  lying 

from  a  warm-blooded  animal,  as  the  on  the  top  of  the  red  clot    In  this  con- 

rabtntybefiroxeDyandafterwaidathawedL  ditkm  of  the  blood»  the  red  partidai 
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sink  to  the  lower  part  of  the  clot  before  being  diminished  bf  etch  successive 
the  coas;uIation  is  completed,  and,  there-  abstraction,  this  fluid  coagulated,  that 
fore,  the  upper  surface  of  the  clot  is  is,  its  vital  principle  become  totaUy  ex- 
colourless  :  at  the  same  time,  the  whole  tinct  sooner,  ana  sooner  in  proportion 
of  the  coagulatedportion  is  much  firmer  as  it  was  previously  weakened, 
than  natural.  The  red  particles  have  Other  experiments  of  Mr.  Thackrah, 
time  to  subside  before  the  coagulation  peiiiaps  stul  more  interesting,  go  to 
is  complete,  because  the  coagulatioi  is  establish,  in  the  clearest  manao'.  that 
slower;  and  it  is, slower  because,  in  the  vitality  is  communicated  to  the  blood, 
morbid  condition' of  the  system  of  which  or,  at  least,  is  maintained  in  it  throu|;h 
this  buffy  appearance  is  the  sign,  the  the  medium  of  the  nervous  system,  ue 
Uood  possesses  a  higher  degree  of  nervous  influence  being  transmitted  to 
vitality  than  it  does  in  a  sound  state,  it  by  the  nerves  of  the  vessels  that  eon* 
Hie  truth  of  this  opinion,  which  had  tain  it,  the  arteries  and  veins.  Thus  A 
long  been  prevtdent  amoi^ physiologists  portion  of  a  vein,  in  a  living  animal, 
and  physicians,  is  proved  in  the  clearest  was  included  between  two  J^pttures: 
manner  by  a  very  simple  but  beautiful  this  portion  was  allowed  to  remam  in  its 
series  of  experiments,  instituted  by  Mr.  natural  situation :  at  the  end  of  fen 
Thackrah.  These  consist  in  receiving  minutes  the  blood  it  contained  was  not 
blood  taken  from  the  vessels  of  a  living  coagulated.  Again,  a  portion  of  a  vein 
animal,  in  a  full  and  uninterrupted  flow,  was  included  bdween  two  ligatures  in  a 
into  di^rent  cups,  and  noting  the  tima  living  dog :  it  was  then  removed  from 
at  which  coagulation  commences  in  the  ^)dy,  and  immersed  in  wttter  at  the 
each.  For  example,  blood  was  taken  temperature  of  9SP:  the  htood  it  con- 
from  a  horse  at  four  p|eriods,  about  a  tained  was  not  coagulated  at  the  end  of 
minute  and  a  half  being  allowed  to  an  hour.  On  the  other  hand,  a  dog 
intervene  between  the  fiUing^  of  each  having  been  killed,  a  portion  of  a  vein 
cup.  In  the  first  cup  coagulation  began  was  immediately  taken  firom  its  body 
in  eleven  minutes,  ten  seconds :  in  the  and  plunged  into  water,  which  was 
second  cup,  in  ten  minutes,  four  seconds :  maintained  for  two  days  at  the  tempe- 
in  the  thin!  cup,  in  nine  minutes,  thirty-  rature  of  between  90^  and  1 00°.  At  the 
five  seconds :  in  the  fourth  cup,  in  three  end  of  this  period  a  quantity  of  blood 
minutes,  twenty  seconds.  In  another  was  made  to  flow  from  the  vein  of  a 
experiment,  blood  was  received  from  the  living  dog  into  this  dead  vein :  the  blood 
vessels  of  a  slaughtered  ox  into  three  being  secured  by  ligature  in  this  dead 
cups — No.  1 .  being  filled  in  the  first  vessel,  was  then  immediately  immersed 
fiow ;  >lo.  2.  about  three  minutes  after-  in  water,  at  the  temperature  of  98® ;  at 
wards ;  No.  3.  a  short  time  l)efore  the  the  end  of  a  quarter  of  an  hour,  the 
death  of  the  animal.  Coagulation  com-  blood  was  found  firmly  coagulated, 
menced  in  No.  1.  in  two  minutes,  thirty  Thus,  blood  contained  in  a  living  vessel 
seconds:  in  No.  2.  in  one  minute,  thirty-  did  not  coagulate  in  the  space  of  an 
five  seconds:  in  No.  3.  in  one  minute,  hour:  that  inclosed  in  a  lifeless  vein 
ten  seconds.  In  a  similar  experiment  coagulated  in  one-fourth  of  the  time, 
coagulation  commenced  in  the  first  cup  It  has  already  been  stated  tliat  coagu- 
in  two  minutes,  ten  seconds :  in  the  lation,  the  process  by  which  the  blood 
second  in  one  minute,  forty-five  seconds :  is  converted  into  a  solid  when  abstracted 
in  the  third,  in  thirty-five  seconds.  Si-  from  its  vessels,  is  totally  difi^erent  from 
milar  phenomena  are  observed  to  take  that  by  which  it  becomes  solid,  within 
place  in  the  human  subject.  Blood,  to  the  living  vessel,  or  within  the  living 
the  amount  of  about  one  pint  and  a  half,  system :  that  the  first  may  be  considered 
was  taken  from  the  arm  of  a  woman  as  its  natural  death;  but  that,  on  the 
labouring  under  fever :  a  portion  of  it  second,  depend  some  of  the  most  im- 
received  into  a  cup,  on  the  first  effusion,  portant  processes  of  the  living  economy, 
remained  fiuid  seven  minutes ;  a  similar  This  may  be  illustrated  very  beautiful)? 
quantity,  taken  immediately  before  tying  by  attending  to  the  process  by  which 
up  the  arm,  was  coagulated  in  three  a  wound  heals.  When  a  living  solid  is 
minutes,  thirty  seconds.  Of  blood  taken,  wounded,  a  number  of  its  blood-vessels 
as  in  the  preceding  experiment,  from  the  are  divided  ;  a  quantity  of  blood  is 
arm  of  a  man,  the  first  portion  began  to  poured  out  into  the  cellular  tissue  that 
coagulate  in  seven  minutes ;  the  last  in  surrounds  the  wound ;  the  red  particles 
four.  The  vitality  of  the  system,  and,  soon  disappear,  being  taken  up  and  re- 
•to^ether  with  it,  the  vitality  of  the  blood,  moved  by  the   absorbent  vessels:  an 
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adhesive  matter  remains  which  glues  more  in  the  brain  and  stomach  than  in 

together  the  ed^es  of  the  wound :  this  the  skin  and  bones, 
adhesive  matter  IS  the  fibrin  which  gra- 

dually  becomes  organized :  according  to  ^  *'**  CircuCanon. 
the  received  opinion,  by  the  elongation  of  Having  thus  explained  the  formation  of 
the  minute  blood-vessels  of  the  imme-  chyle  from  the  aliment,  and  traced  it 
diate  nei^^hbourhood  which  shoot  into  to  its  conversion  into  true  and  proper 
the  interior  of  the  effused  substance ;  blood  in  the  lung ;  having  described  the 
accordin);  to  Hunter,  partly  by  this  pro-  several  component  parts  of  the  blood, 
cess,  and  partly  by  the  origin  of  new  and  given  an  account  of  the  properties 
arteries  and  veins  which  are  formed  of  each,  we  now  proceed  to  the  const- 
within  the  effused  substance,  and  which  deration  of  the  mode  in  which  thts  vital 
springing  from  it  unite  with  the  elongated  fluid  is  distributed  to  the  different  parts 
vessels  of  the  parts  in  the  immediate  of  the  body.  This  brings  us  to  the  sub- 
neighbourhood :  the  effused  adhesive  ject  of  the  circulation,  in  treating  which, 
matter,  thus  acquiring  blood-vessels,  and  in  conformity  to  the  plan  of  this  trea- 
receiving  a  regular  supply  of  blood,  be-  tise,  we  shul  first  of  all  consider  the 
comes  a  true  and  proper  part  of  the  apparatus  by  which  the  function  is 
living  body,  and  exercises  its  appropriate  performed,  and  afterwards  the  function 
fiinctions  m  the  economy.    Tins  process  itself. 

is  called  by  surgeons,  healing  by  adhe-  ^^  .     ^                      ,     ^.      ,    . 

sion:    it  depends  essentially  upon  the  0/ the  Apparatus  of  the  Ctrculation. 

solidification  and  adhesiveness  of  the  The  circulation  consists  in  the  trans- 
fibrin,  and  without  this  property  of  the  mission  of  the  nutritive  fluid  from  a 
blood  no  loss  of  substance  could  be  re-  riven  point  to  the  different  parts  of  the 
produced ;  no  part  of  an  injured  organ  body ;  and  from  the  different  parts  of 
could  be  repaired ;  no  surgical  opera-  the  body  back  to  that  point  again.  It 
tion  could  be  performed ;  no  wound  in  a  is  only  when  such  a  circle  is  performed 
blood-vessel  could  heal ;  and,  conse-  that  there  is  a  true  circulation.  In  or- 
quently,  the  slightest  cut  must  prove  der  to  carry  on  a  circulation,  a  great 
fatal.  number  of  organs  is  required,  the  pos- 

r^j>^i.    J  ^  1  r^       A'A     ^  m    J  '    ^1.       session  of  which  is  perfectly  inconsistent 
Of  the  total  Quantity  of  Blood  tn  the      ^^^i  the  simplicity  of  structure  by  which 

^^^y*  the  lower  classes  of  animals  are  distin- 

The  total  quantity  of  blood  in  the  body  guished.  Wherever  there  is  a  true  cir- 
it  is  difficult  to  ascertain :  the  data  on  culating  system  there  is  a  complexity 
which  the  common  calculations  are  and  perfection  of  organization,  which 
made  are  uncertain — only  approxima-  ^ves  to  the  creatures  that  possess 
tions  to  the  tnith  can  be  obtained,  it  a  hi^h  place  in  the  animal  scale: 
Haller  estimates  that,  in  the  adult  man,  vast  tribes  of  beings  that  occupy  the 
the  blood  may  constitute  about  one-  lower  part  of  the  scale  are  destitute  of 
fifth  part  of  the  weight  of  the  whole    every  trace  of  it. 

body.    According  to  this  calculation,  a        The  necessity  of  a  circulation  exists 

body  weighing  150  pounds  would  con-    only  in  animals  of  a  certain  structure. 

tain  about  3U  pounds  of  blood:  of  this    Svhenever  the  nutritive  fluid  is  elabo- 

it  is  supposed  that  somewhat  more  than    rated  in  a  special  and  isolated  organ, 

three-fourths  are  contained  in  the  veins,    there  must  be  some  means  of  conveying 

and  only    one- fourth   in  the  arteries,    it  from  that  organ  to  the  other  parts  (? 

The  quantity  of  blood  in  young  animals    the  body  :   but  where  the  entire  body 

is  proportionably  greater   than  in  the    consists  of  one  extended  stomach  there 

old,  or  the  adult,  because,  in  the  former,    can,  of  course,  be  no  need  of  a  circula- 

the  body  is  not  only  to  be  sustained    tion.     In  almost  all  the  orders  of  zoo- 

but  enlarged,  and  many  of  the  organs    phytes  the  organization  is  thus  simple. 

to  be  completal.    In  small  and  weak    The  infusorise,  the  polypes,  the  inhabit- 

animals  there  is  less  in  proportion  to    ants  of  corals  and  sponges  are  composed 

their  size  than  in  the  larger  and  more    of  a  uniform  gelatinous  substance,  every 

muscular:  in  wild  animals  there  is  more    part  of  which  is  constantly  impregnated 

than  in  the  tame,  and  in  the  active  more    with  its  nutritive  fluid,  and  is  endowed 

than  in  the  sedentary.    Ttie  quantity  in    with  the  power  of  supporting  the  changes, 

different  parts  of  the  same  animal  is    whatever  they  may  be,  that  take  place 

always  in  proportion  to  the  importance    in  their  s\  stem.      But  we  have   seen 

of  the  organ :  thus  there  is  incomparably    that  the  earliest  trace  of  a  distinction  of 
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part*  in  tlui  wilfonD  nibatenee  i 
m  the  formation  of  a  e«U,  a  carit;,  a 
lube,  or  some  other  special  organiiation 
to  which  theperfonnance  of  the  function 
af  digwtion  h  reitricted.  WheDerer 
thii  in  the  cBie,  whenever  the  ttomach 
auumn  the  form  of  a  diitinct  onan,  or 
begin*  to  be  in  any  degree  bolatcd,  then 
canal*  are  sem  to  branch  off  ftMm  it  in 
order  to  convey  the  mttntiTe  fluid  from 
this  isolated  spot  to  tha  diffinot  parts 
of  th«  body.  TtM*«  eanal*  nnnllf 
braneh  off  firom  the  digertna  aigm  ia  & 
ndiatcd  inauiv,  baoanae  the  flgUM  of 
all  thete  lower  wdera  bdnr  men  or  leaa 
oireular,  the  nntritiva  flnid  it  conTijfed, 
^  thif .  anai^emMt,  in  tha  directait 
node,  to  the  artrwiliai  of  tfaa  bodf . 
Henca,  tha  earbeat  nufimcnt  of  a  vaaaa- 
lar  system  consiits  rather  in  the  foma- 
tion  of  an  intritine  than  a  veiiel.  These 
radiated  eanah  an,  at  flnt,  not  diitiDet 
tube*  compoaad  of  apaculiartiiaue,t)ut, 
aa  far  as  can  be  aMertainad,  araaar  to 
ba  merely  excavatioDa  fbrmea  in  tha 
homogeneoiu  rabatanoe  of  tha  bodj. 
Cansl*  of  thia  kind  are  firat  diitingniah- 
able  tD  some  of  the  higher  wdan  of 
xoophytes.  Thus,  in  the  madnaa  thm 
are  seen  to  ipriiiK  from  tha  atomacb 
distinct  channels  whioh  jvoeeed  in  a 
radiating  manner  towards  the  majfcin  of 
the  bod^,  and  which  there  empty  them' 
aelve*  into  a  circular  veaael  (^.  41); 
but  it  is  impossible,  in  these  animals,  to 
distiimiiah  any  tubes  for  conreying  the 
fluid  back  again  to  the  otgvi  whence 
it  issued,  and,  consequently,  thejr  cannot 
be  considered  as  pouewmic  a  true  cir< 
aulation.    £ven  in  animals  the  structure 


is  eonsiderahly  m<n«  advanced  than  that 
of  the  medusa,  ns  intestinal. worms,  lh« 
rudiments  of  the  vascular  system  pre* 
sent  still  more  the  appearance  of  rami- 
fieationB  of  the  intestinal  canal. 

The  first  distinct  and  certain  vessel 
for  the  distribution  of  the  nutiitive  Suid 
appear*  to  be  found  in  the  insect.  If 
the  Kencral  mass  of  the  body,  in  almost 
aD  the  orders  of  this  olaas,  l>e  exanunn] 
with  a  raiamseope,  it  will  b9  imposuUs 
to  detect  the  leaat  appearanee  of  a  Mood- 
veaael,  although  mnnde  nutuflcatioDs  of 
tbo  tabes,  called  trachem,  an  abondanlly 
maoifeat  in  every  part:  bat  theta  is 
|i)aced  alonjt  the  bock  a  diatifaet  tubi^ 
H  which  alternate  diUtalioiu  and  oco- 
tractiona  way  ba  elaailv  diMtmed. 
Thia  tube  ia  eaUad  the  dorsal  vaaael. 
It  ooHtitataa  a  thfat  mcmfcnnooa  eanal 
of  awnformnn:  it  IswcU  seen  in  the 
caterpillar  (^.  4S):  but  In  tbiiiaicet 


Pig.  41. 


1^  mliiiilnf  vtM«li  tapir  Itami^i 

•f  which,  inmaiqriinportaat  partietilai^ 


this  canal  is  dosed  at  both  extremities, 
and  no  trace  of  a  vessel  in  communica- 
tion with  i(,  either  going  to  it  or  coming 
from  it,  can  be  discerned.  It  is  remaxli- 
able,  however,  that  it  is  completely  sur- 
rounded  by  exceedingly  minute  ramiflea> 
tions  of  the  1nuiheal~tut>ea(^.  42).  If 
this  vessel  be  removed  from  the  boiff.or 
if  the  fluid  it  contains  be  co^uIbIrI  by 
muriatic  acid,  the  animal  win  continue 
to  live,  and  doe*  not  appear  to  suffer 
any  material  inconvenience  from  its  loss 
or  obstruction.  In  the  higher  mders  of 
inMcta,  as  the  ipkler  and  scorpkin,  this 
vessel  is  more  developed.  In  sume  of 
the  anehnidse,  as  in  those  spiden  wtiich 
are  not  covered  with  hair,  it  can  be  seen 
to  pulsate  with  the  naked  eye ;  and,  on 
careful  examination,  several  vessels  can 
be  perceived  to  Ije  given  off  by  it,  many 
of  which  can  be  traced  to  the  bninchiie, 
and  other*  are  lost  in  certain  bodies, 
called  adipose  (Jig.  43);  but  the  actual 
distribulion  of  these  vessels,  and  the 
route  which  the  fluid  they  contain  pur- 
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npparatua  reijuisite  for  tbft  circulalion, 
tlierefore,  in  its  primitive  fonn  is  ex* 
tremely  Bimple:  then;  are  required  only 
two  sets  of  veisflR  directly  communico* 
ling  with  each  other.  Even  so  low  down 
as  the  echinodermata,  the  highest  order 
of  zoophytes,  Cuvier  thinks  he  haa  dis- 
covered an  example  of  this  mode  of  cir- 
culation.  In  ttie  hulothuria,  hedescrilws 
«  set  of  vessels  nhiuh  carry  out  the 
nutritive  fluid  to  the  ditt'erent  part*  of 
the  body,  and  which  he,  therefore,  con- 
C«ivei  to  be  anaio^ous  to  arteries ;  and 
another  set  of  veswla  commiinicalin^ 
with  the  first  which  return  the  fluid,  and 
which,  therefore,  pcrfonn  the  function 


certainty,  on  account  of   the  extreme 
delicacy  of  (he  vchcU. 

In  a  physiological  view  there  is,  at 
this  point,  a  broad  line  of  demarkation 
in  the  itmcture  and  functions  of  ani- 
mals. On  one  side  of  this  line,  the 
lowest,  are  found  all  the  orders  of  ani- 
mals which  are  either  allOfnther  desti- 
tute of  a  vascular  syitem,  or  in  which 
there  can  be  discovered  only  the  faint 
and  imperfect  traces  of  it  which  have 
been  described:  and  on  the  other  all 
the  orders  of  animals  in  which  the  vas- 
cular system  is  more  developed ;  from 
those  which  possess  a  true  drculation, 
however  simple  in  form,  to  those  in 
which  the  circulation  is  carried  on  in 
the  DMst  complicated  and  perfect  man- 
ner. All  the  tribes  of  animals,  on  the 
ooa  skle,  will  be  found  to  bear  to  each 
oUnt  a  perfect  physiological  resemblance 
■  the  most  important  point*  of  their 
ornniialion,  and  to  present  to  those,  on 
the  other  side,  equally  important  difltr- 
tneu ;  these  resemblances  and  differ- 
^Kes  being  especially  apparent  in  the 
eMcntial  functions  of  nutntion,  respira- 
tion,  and  secretion. 

Tbc  most  simple  fbrm  of  a  true  circula- 
tion which  is  found  actually  to  exist  in 
the  animal  organization  is  that  in  which 
Mie  act  of  vessels  conveys  the  nutritive 
fluid  to  the  diffisrent  parb  of  the  twdy, 
and  from  which  another  set  of  veaseM, 
uniting  wirh  the  first,  returns  the  flnid 
to  the  pouit  from  which  it  originally  set 
out.  These  two  order*  of  .vessels  re- 
ceive diffnent  names.  The  vessel  which 
oonvey*  the  nutritive  fluid  to  the  different 
pvts  of  the  body  is  always  called  an 
ailery:  the  vesael  which  returns  the 
■utniive  fluk 
of  the  body,  after  : 
tfaraugfa  them  to  the  point 
bigu  to  ftow,  is  calka  »  « 
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among  the  moUusca  possess  a  circula- 
ttnK  system  thus  simple. 

The  next  advancement  in  the  organi- 
zation of  the  vascular  system  is  the 
construction  of  an  organ  which  i*  usually 
placed  between  tliesc  two  orders  of  ves- 
sels, and  which,  on  account  of  its  posi- 
tion, separating,  and  at  the  same  lime 
uniting,  the  two  great  systems  of  vessels, 
is  called  the  central  organ  of  the  circu- 
lation. The  name  by  which  this  organ 
i*  designated  is  the  Heart.  It  is  an 
placed  between  these  two  sets  of 
to  assist  in  propelling  the  fluid 
they  contain  through  them.  II  is  a  very 
important  instrument  in  carrying  on  the 
drculation,  but  it  is  not  essential  to  it, 
since  a  true  circulation  may  exist  with- 
out it:  its  presents,  however,  always 
implies  a  higher  and  mora  perfect,  be- 
cause a  more  extended  and  complicated, 
and,  therefore,  a  more  richly  endowed 
organiiation.  The  first  approach  to  the 
formation  of  such  a  central  organ  is  ot>- 
served  in  some  of  the  more  uufect  or- 
ders of  Vermes.  In  the  lumbricut  Ur- 
retlrit,  or  common  earthworm,  the 
communicating  branches  which  run 
between  the  abdominal  and  dorsal  ves- 
sels, exhitnt  several  heart-shaped  dilata- 
tions, which  have  been  seen  to  contract 
with  peculiar  energy.  In  the  Crustacea 
these  dilatations  are  more  defined,  end 
their  action  is  more  deflnile.  The  heart 
of  the  oitaattftuvialiHt,  or  cray-fish.  is 
distinctly  muscular,  sends  off  several 
arteries  both  backwards  and  forwards, 
and  when  even  wholly  removed  from 
the  body,  it  may  be  observed  to  puUaie 
with  very  considerable  activity.  The 
state  of  the  circulation,  however,  in  nil 
these  orders  of  beings  is  very  imperl'ucltv 
understood;  and  the  influence  which 
a  heart,  lo  rudely  constructed,  can  exert 
upon   it   cMuot   be  uiinuted   biKh. 
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Ascending;  another  step  in  the  scale  of  so  the  vein  arises  in  the  ontana  and 

organization,  we  find  it  consisting  of  two  terminates  in  the  heart.     Where  the 

bags  or  apartments  which  open  into  each  capillary  branches  of  the  artery  termi- 

other ;  between  which  there  exists  a  free  nate,  there  the  capillary  branches  of  the 

and  constant  intercourse.     One  of  these  vein  begin,  and  precisely  there  the  two 

apartments  is  destined  to  receive  the  sets  of  vessels  umte.  Thus  the  ca^tUiiy 

blood  from  the  vein ;  the  other  is  in-  branches  of  the  arterjr  terminate  m  the 

tended  to    propel  it    into  the  artery,  organs  by  opening  into  the  capillary 

These  two  bags  or  aparbnents,  like  the  branches  of  the  veins.    And  thus  we  see 

two  orders  of  vessels,  receive  appropriate  how,  by  the  course  and  communication 

names :  that  which  receives  the  blood  of  the  tubes,  the  fluid  they  contain  in 

is  always  called  an  auricle ;  that  which  moving  through  them  must  describe  a 

propels  it  forwards  is  always  called  a  perfect  circle.  ■  In^.  44  we  see  a  plan 

ventricle:    from  this  account  of  their  jp^  ^. 

office  it  is  obvious  that  the  auricle  must  ^*  ' 
always  be  in  communication  with> 
vein,  and  the  ventricle  with  an  artery : 
the  bax  caUed  the  auricle  alwavs  receives 
its  fluid  from  a  vein ;  the  ba|;  called 
the  ventricle  always  propeU  its  fluid 
into  an  artery. 

The  apparatus  for  the  circulation, 
then,  in  an  animal  which  possesses  a 
simple  heart,  consists  of  a  vein,  of  an 
auricle,  of  a  ventricle,  and  of  an  artery ; 
of  a  vein  to  convey  the  blood  to  the  auri- 
cle ;  of  an  auricle  to  transmit  the  blood 
to  the  ventricle ;  of  a  ventricle  to  pro- 
pel the  blood  into  the  artery ;  and  of  an 
artery  to  distribute  the  blood  to  all  the 

parts   of  the  body.     The  trunk  of  the  •^trankof  theTein;  a,  tlMMriele;  (.themi- 

artery    when  it  springs  from  the  ventri-  tricle  ;  d,  the  imnk  of  the  trterj;  e,  eapU- 

Cle.    of  course,    is   a  large   tube.      If  it  l*ry  branches  of  artery  a»d  vein  united. 

perform  its  office  perfectly,  that  is,  if  it  of  the  circulatory  apparatus  as  now  de- 
convey  the  blood  to  all  the  parts  of  the  scribed :  c  represents  the  vein,  a  tlie 
body,  to  its  most  distant  extremity,  to  auricle,  b  the  ventricle,  d  the  artery,  e 
its  minutest  portion,  it  must  of  necessity  the  capillary  branches  of  the  artery  and 
divide  and  subdivide,  and  subdivide  vein  united.  The  points  of  the  darts  are 
again  and  again  into  branches  of  con-  in  the  direction  of  the  current  of  the 
stantly  decreasing  magnitude,  until  at  blood  as  it  flows  through  the  vessels.  Let 
length  they  become  exceedingly,  we  may  us  trace  that  current  from  the  points  of 
almost  say  inconceivably,  minute.  When  union  of  the  capillary  vessels,  in  e.  The 
we  consider  that  the  finest  point  of  the  capillary  branches  of  the  vein  receiving 
finest  needle  cannot  pierce  the  vascular  the  blood  from  the  capillary  branches  of 
part  of  an  animal  without  causine-the  the  artery  convey  it  to  the  trunk  of  the 
blood  to  flow  from  the  point  pricked,  we  vein,  c ;  the  vein  transmits  it  to  the 
can  have  no  difficulty  in  conceiving  auricle,  a ;  the  auricle  sends  it  on  to  the 
the  extreme  minuteness  of  the  ultimate  ventricle,  b ;  the  ventricle  propels  it  into 
subdivisions  of  the  vessel.  These  mi-  the  trunk  of  the  artery,  d,  which  l)y  its 
nute  and  ultimate  subdivisions  of  the  capillary  branches  reconveys  it  into  the 
artery  are  called  its  capillary  branches,  capillair  branches  of  the  vein,  and  so 
The  artery,  then,  may  be  said  to  arise  the  circle  is  complete, 
from  the  ventricle  of  the  heart  by  one  Such  is  the  circulation  with  a  heart 
large  trunk,  and  to  terminate  in  the  constructed  on  one  of  the  most  simple 
organs  by  capillary  branches.  Tlievein  models:  and  such  is  the  actual  course 
divides  and  subdivides,  in  a  similar  of  the  circulation  in  a  large  class  of 
manner,  into  branches  equally  minute,  animals,  as  in  the  moUusca.  In  this 
into  capillary  branches  ;  but  the  course  class  the  Iieart  is  said  to  l^e  simple,  and 
of  the  capillary  veins  is  the  reverse  of  the  circulation  single:  single  because  it 
the  course  of  the  capillarjr  arterial  describes  only  one  complete  circle, 
branches.  As  the  artery  arises  from  Merely  for  the  purpose  of  conveying 
the  heart  and  terminates  in  the  organs,  the  nutritive  fluid  to  all  the  parts  of  the 
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•body,  and  of  kaepitig  up  a  constant  cir* 
jenlation  of  it  through  all  the  organs, 
■the  apparatus  that  has  been  described 
ia  anffioent.  But  the  nutritive  fluid,  in 
desoribtng  this  circle  and  in  nourishing 
Hbm  cnrgans  on  which  it  is  spent,  l)ecomes 
datariorated  or  deprived  of  its  nutritive 
-prcperty.  It  is  necessary  for  its  reno- 
vation that  it  should  be  brousiit  into 
contact  with  atmospheric  air.  For  this 
purpose  a  neir  oigan,  which  is  called 
ofanduflB  or  gills  in  the  lower,  and  lungs 
in  the  higher  orders  of  animals,  is  re- 
quired, ami  consequently  the  apparatus 
of  the  circulation  must  be  complicated 
by  an  additional  instrument  for  convejr- 
ing  the  blood  to  tiie  branchisB  or  to  the 
lungs :  hence  arises  the  next  complica- 
tion in  the  structure  of  the  heart  or  of 
the  circulating  apparatus. 

The  expedient!^  which  this  necessary 
purification  of  the  blood  is  accomplished 
IS  by  the  communication  of  an  additional 
artery  to  the  apparatus,  an  artery  whidi 
is  made  to  convey  the  Uood  directly 
from  the  heart  to  the  bnmchisB,  or  lungs, 
and  which,  on  account  of  its  office,  is 
called  the  pulmonary  artery.  The  ap- 
paratus now  consists  of  one  vdn,  one 
auricle,  one  ventricle,  and  two  artories ; 
namely,  the  pulmonary  artery,  and  the 
primitive  artery,  which,  in  order  to 
distinguish  it .  from  this  new  vessel, 
now  takes  the  name  of  aorta.  It 
•is  obvious  that  the  pulmonaiy  artery 
must  always  be  placed  between  the 
heart  and  the  organs  of  respiration* 
while  the  aorta  must  be  placed  oetween 
the  organ  of  respiratwn  and  the  general 
mtem  of  the  bodv  in  order  to  receive 
the  renovated  blooa  from  the  respiratory 
Of^i^ans,  and  to  earrv  itoutto  the  system. 
The  structure  of  me  apparatus  of  the 
circulation  in  the  fish  mu  illustrate  this 
arransement  very  beautifully. 

lo  the  fish  (Jfg.  45)  there  is,  first,  the 
vein  a,  which  conveys  the  blood  to  the 
heart;  secondly,  the  auricle 6,  whicdi 
receives  the  blood  from  the  vein ;  thirdly, 
the  ventricle  c,  which  receives  the  blood 
from  the  anride  ;  and  fourthly,  d,  a 
large  artery  which  springs  from  the 
ventricle.  Hitherto,  thai*  the  apparatus 
is  precisely  the  same  as  that  wnich  has 
been  alrmy  described  as  aflbrding  an 
example  <tf  it  in  its  most  rimple  form : 
but  in  that  form  this  artery  would 
convey  the  blood  to  the  system.  In 
the  fish,  on  the  contrary,  it  conveys 
it  not  to  the  system,  but  to  ^  brandiisi^ 
or  the  organs  of  respiration :  itis,  thore- 
f ore»  the  pqlmonary  artery.    From  the 


Fig.  45. 


HMTt  of  Oia  VUh.  0,  the  Ttia  which  ntaroM  th« 
blood  from  thediibreiit  jwrti  of  the  body  to  the 
heart;  6,  the  evriele  into  which  the  rein  opens; 
e,  the  rentriele ;  4,  the  large  blood-vessel  arisinr 
ffom  the  rentride;  1, 8, 3, 4,  iu  branches,  which 
fo  to  the  braaehlM. 

branchisB  the  blood  passes  into  a  large 
artery,  which  is  the  analogous  artery  of 
the  most  simple  model,  because  it  is  by 
its  branches  that  the  blood  is  conveyed 
to  the  body  of  the  animal :  this  arteiy, 
therefbre,  is  the  aorta,  or  the  systemic 
artery.  The  capillary  branches  of  the 
aorta  unite  in  the  organs  with  the 
capillary  branches  of  the  vein,  while  the 
latter  reconvey  the  blood  back  to  the 
auricle  of  the  heart ;  and  thus,  in  the 
fish,  the  circle  is  complete. 

In  fishes,  the  size  of  the  heart  is  ex- 
ceedingly small  in  proportion  to  the  bulk 
of  the  body.  According  to  Tiedeman, 
it  is  but  the  viith  or  y^itn  of  the  weight 
of  the  body,  wmle  in  man  it  is  t^,  .  liie 
proportion  of  blood  possessed  by  fishes  is 
very  small :  they  have,  comparatively, 
few  blood  vessels,  and  even  of  these  they 
have  a  small  proportion  of  red  and  a 
mudi  greater  number  of  colourless  ves- 
sels: hence  their  muscles  are  pallid, 
or  white,  and  present  a  complete  con- 
trast to  the  deep  red  colour  of  the  mus- 
cles in  the  higher  animals. 

In  the  next  order  of  animals,  that  of 
reptiles,  there  is  a  peculiar  modification 
oithe  pulmonic  portion  of  the  circulating 
apparatus:  ind^,  all  the  modification 
M  this  8|)paratu8,  from  its  most  simple 
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to  its  most  complicated  model,  hasrela-  latei  m  thar  general  iystan  U  alwan 
tionto  the  pulmonic  portion,  and  arises  one  half  yenous  and  one  half  arteml. 
out  of  the  necessily  of  adsptine  the  heart  The  general  conslilution  of  all  the  crea- 
and  its  appendages  to  the  peculiar  mode  tares  of  thUclasB  is  diitiQEualied  by  veiy 
m  which  the  animal  respires.  Of  this  itriking  pecBliwibe*  Th^  are  alug- 
we  Hhal!  perceive  additional  proof  at  giih.  laiKjiud,  cola, 
every  step  of  our  aubsequent  progress.  moved,  and  tenacious 
lnthefrogO;f.46)lheheart  consistsof    derful  decree.    They 

of  stimuli :  they  can  liear  to  have  their 
hands,  li'cs,  bowels  cut  away.  Among 
other  peeuliarities  oflheir  constilution, 
Ihey  can  live  long;  without  Mr :  tht^  will 
rise  from  tima  lo  time  above  vratcr,  if 
you  will  allow  them:  Ihey  can  bear, 
again,  to  be  kept  under  water,  if  you 
force  Ihem  ;  but  if  Ihn'  can  hve  long 
under  water,  they  can  uso  hve  al  lewt 
as  long  afler  you  have  cut  off  Iheir 
heads  or  cul  out  their  hewta."  As 
will  be  fully  explained  when  ore  treat  of 
the    function  of  respiration,  all  these 

Culiarities  are  referable  to  the  imper- 
:  degreein  which  the  blood  is  aerated; 
aJlhouRh  in  someof  the  higher  ordt-n  ol 
this  class  more  blood  is  exposed  to  the 
air  than  in  the  frog,  yet  in  a  physiolo- 
gical view  the  structure  of  the  circula- 
tory apparatus  is  essentially  the  same 
in  all.  The  heart  in  all  theae  animuls, 
though  somewhat  larger  than  in  fishes, 
b  still  much  smaller  than  in  the  higher 
classes:  t lie  weight  of  the  heart  in  1  he 
fro2  is  the  il^th  [mrl  of  the  weight  of  the 
body. 

In  the  next  class,  that  of  birds,  there 

is  a  prodigious  advancement  in  the  or- 

,  ,  ganizatlun  in  generaJ;  and,  in  the  circn- 

.ppa,.tu.  o(  Ihe  fch.    11  hu  he  lam.    ,ij„,;,       i„  |h.  fiig    ihi    lungim 
vcim.  « ;  the  •jmi  .und.  4 ;  Ihe  !>m.    ,„,i]  „  j  „,,  „„e-hiiH  oI  thi  uiod  ol 

,j  Ih.  6sh  Ihi.  .rler,  p^M.  dmtU,  lo  „„„^',^„^ .,  h.oMlh.  coW-blooid- 

h.  hr.i,chi,:  »,n!  ft,  ,rr.j|jemei.l,  „,„  ,'„d'm.ri™.J  ol  the  emUnre.    In 

Iherelore,  pertectl,  ..ml.r  m  the.e  .m-  n,  „^    „  ,^,  eo.tru,.  biddei  the 

m.l..th..«lerY»o«M  inlhefrog.pto-  i„™,  ih.re  m  iddiUoiiil  bi«> 

MeVlolhelung:/.  lorterf  f„/n,  e5„,io„  ot  Ih  '           "    " 


oeedimmedinteVloine.ung:./.  lo.iim  t„-n,  „-i„,io„  ^  Oa  re.pir.lo^ 

of  this  homvet,  it  divide,  into  l»o  great  „       „j  „„  ^  H,         ,  ^„  „', 

brmhr,  or  which  one,  .goes  immedi.  i,',  b„d,  m  hollo»  md  filed  wiih  m, 

.lely  lo   the  lung  /while  the  main  „j  „i,,  .otaenient  to  Ihe  uralion  ef 

trunk  *p.,,e,  on  loihe  bod,.    In  thi.  the  blood  i  in.lead,  therefore,  of  being 

Sh';J  .  ;  ih'  K       t  V  Sf  P"""""  cold-blooded  like  the  reptile,  the  tempi? 

SI  K;i    i  "'•J'"^"  »  ">■  •'>''•»'■  nitore  of  the  bird  i.  higher  then  Ih.i  of 

S;.  '„  X  S3'.- 1,    Z  •"Ti-'H I'?"  .n;  other  animal  i  ,ndfin«eul  of  being 

plan  01  llie  frogs   heart,  whieh   is  the  .i,f„.„:.i,  -nj  i^™t  it  ;.   ,,/ .11  ~ 

model  of  that  00  >hloh  the  h,ut  of  ,l1  Ko«  miS.  eiS  ttil^  T 

rsssz"  s'z;:  '■  ""■".•t'-Ak"  ^«i™...sii"i'Se"rppi,«oe  „, 

hioS'  r.i.'Jd"  a  z  ™  „!' :  »•  f  "i«»  "but  •«  ..ss.,1,  dif. 

t™,m,tled   to  fte  long,  b.lot"  it  i  """l  "  ■e"1ni-e"li>ohpo™.-a  •  "► 

oon.ejed  lo  Ihe  general  ™t,m.     H.no"  'f";'"'!'  "''  ,■  f.""     S'fTT,^ 

In  IheJe  ere.lnie.  onl,  o'n.  half  of  iS  ■!">"■»»  eontnat«l  to  th.1  of  .11  th. 

blood  ia  nentted.  Badthrtwhichcircn-  .  b^^  taaMj.  tel.  1.  ^  *7fc 


Itndl  be 
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properly  double :  indeed,  there  is  no  phy -  in  man,  and 

■iolt^tiM]  difference  betwten  iU  itructure  called  the  m 

and  that  of  th«  mod  pn^tljr  organlied  be  seen,  tno  t 

■ninft):  it  haa  iotne  peculiaritiei  which  other  belovr: 
are  itrictly  connected  with  the  peculi- 


classes  below  it.  Accordini^ly,  in  the  sented  in  thii  ligan  u  placed  at  some 
bird,  the  heart  if  no  longer  simple,  it  is  diatanceiroDi  each  other:  a,  it  rejiresent 
hifi^ly  comphcated — as  complicated  as  thevein:  itisnowconvemenl  togivethis 
it  is  in  the  mammalia  and  In  man:  it  is  vein  a  name:  on  account  of  its  great  size 
n  the  higher  animals,  il  is 
1  cava.  There  are,  it  will 
I,  one  above,  and  the 
e    one  above  brings 

_ -..J   _- r the  blood  from  the  head  and  the  sn- 

aritiei  of  ita  Inngi,  W  thMe  will  be  perior  extremitiei ;  it  is  called  the  su- 
better  underiloDd  when  we  ^tat  of  the  perior  vena  caoa :  the  one  below  brings 
sppanloe  qf  ninintioii,  Ai  we  have  the  blood  fronf  all  the  lower  parts 
now  arrived  at  tiw  moat  poftct  model  of  the  body :  it  is  named  the  inferior 
of  the  heart,  and  at  Its  ttmdure  is  in  Oma  ana.  The  two  venar  eautx  meet 
strict  conformily  to  this  model  in  all  the  at  b,  and  pour  thdr  blood  into  the  auri- 
ascending  scale,  Initead  of  describing  it  de  b,  which  mnst  now  be  distinguished 
as  it  is  found  In  the  bird,  and  in  the  by  the  term  riiht.  The  right  auricle  ia 
mammalia,  we  shall  descritw  it  as  it  partly  formed  l>y  (he  dilatation  of  these 
exiita  in  man.  veins ;  but  there  la,  also,  a  portion  of  it 

In  man,  and  in  bU  the  higher  animals,  which  is  strone  and  muscular,  and  which 
the  heart  ii  donlde ;  one  heart  is  for  is  commonly  described  as  formini;  the 
tite  circulation  throu^  the  longs,  the    proper  auricle.    The  n^A/ oune/e  opens 

fiulmonic:  the  other  nir  tlie  circolation    mio  e,  the    right  ventricle,  which  is 
hrough  the  body,  (he  syitemio.      In    larger  than  the  aliricle,  and  possesses 
(/tg.AT)  is  given  a  plan  of  the  heart,    much  thicker   and    stranger  muscular 
_.  walla.    From  the  right  ventricle  springs 

^g-^''  ibe  pulmome  arleni,  d,  which  divides 

into  two  lar^e  branches,  one  of  which 
eoes  to  ttie  right  lurie,  and  the  other  to 
the  left.  This,  then,  is  the  apparatus  for 
the  right  tide  of  the  heart,  tw  the  pul- 
monic or  the  lesser  circulation :  all  this 
part  of  the  apparatus  merely  performa  the 
office  of  conveying  the  blood  to  the  lung, 
in  order  that  it  may  be  aerated  or  reno- 
vated fai  that  oison.  The  capillaiy 
branches  of  the  pulmonaiy  artery,  alter 
tamiiying  through  the  lungs,  at  length 
onlte  together,  and  form  four  veins,  two 
firom  each  lung:  they  are  well  seen  in 
I  J\g'  59,  and  are  marked  e,  c;  c,  e; 
1  these  are  called  the  pulmonary  vein*. 
The  pnlmonaiT  veins  transport  the  blood 
to  the  left  heart,  which  consists  of  execlly 
the  same  number  of  parts  as  the  right; 
namely,  of  these  veins,  which  are  rnire- 
tenXtdinJIg.  47  by  the  letlere;  of  an 
auricle^;  a  venlncle  g;  and  a  large 
arterynA.  The  l^  mtride,/,  receives 
(he  blood  now  purified  from  the  lungs ; 
convns  it  to  the  10  vmtriele.g,  which 
propels  it  into  the  great  artery.  A,  the  lat- 
ter being,  as  we  now  know,  Ihe  aorta  or 
the  systemic  artery.  In  this  case,  then, 
there  are  completed  two  pertect  circles, 
by  precisely  corresponding  instruments: 
one  of  these  circles,  the  pulmonic,  is 

through  the  lungs ;  Ihe  other,  the  aortic 

ttemstracted  on  this  model,  and  for  the  w  systemic,  b  througli  the  body :  one  of 
sake  of  making  Ihe  arrangement  man  these  drclea  commences  m  the  capiUaiy 
iDtdlvU^  the  two  heaiti  m  repW-  tm»  ol  the  body,  or  the  lyrtemic  veins, 
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and  terminales  in  the  capillary  branchea 
of  (he  pulmonary  artery  in  the  lungs : 
the  other  circle  commences  in  Ihe  capil- 
lary brancliei  of  the  pulmonary  veins, 
and  terminates  in  the  capiilary  branches 
of  the  aorta ;  and  since  the  capillaty 
branches  of  the  aorta  open  into  and 
unite  with  the  capillary  branchei  of  the 
systemic  vrint,  it  is  obvious  that  this 
double  course  forms  and  completes  one 
grand  circle. 

We  have  staled  that,-  in  order  to  ren- 
der this  description  more  intelligible,  we 
have  supposed  llieae  two  hearts  to  be 
placed  at  some  distance  from  each  other. 
Had  they  bten  placed  in  opposite  sides 
of  the  cliest,  it  is  clear  that  they  might 
have  oarried  on  Ihe  circulation:  but  im- 
portant advantages  may  result  from  the 
union  ;  important  advantages  must  re- 
sult from  (heir  union,  and,  accordingly, 
they  are  united.  The  fibres  of  the  two 
liearta  intermix,  and  thus  mutually 
strengthen  each  other ;  and  both  are 
encli^ed  in  one  and  the  same  tuem- 
branous  capsule;  namely.'tfae  pericar- 
dium :  but  thourii  they  are  united,  and 
acquire  additional  power  by  their  unira, 
yet  the  action  of  thdr  difierent  parta  is 
precisely  the  same  as  th^  vould  have 
Deen  had  the  light  heart  neeu  placed  in 
one  pert  of  the  body,  and  the  left  m 
another.  Thus  the  systemic  and  tlie 
pulmonic  veins,  the  right  and  the  left 
auricle,  the  right  and  the  left  ventricle, 
the  pulmonic  and  the  systemic  artenes. 
correspond  lo  each  other  in  time  and 
action,  and  perform  their  appropnate 
function  in  the  most  perfect  and  beau- 
tiful accord  and  harmony. 

Fig.  4S  represents  the  plan  of  a 
heart,  constructed  on  this  united  and 
perfect  model,  and  exhibits  it  such  as  it 
actually  exists  in  the  human  subject. 
Thua,  a,  a,  represent  the  two  venie  cava  ; 
b,  b,  the  right  and  left  auricles  ;  c,  e,  the 
right  and  left  ventricles  ;  «  e,  the  pul- 
monary artery,  and  rf,(i,  the  aorta.  The 
pulmonary  veins,  being  placed  behind, 
tan  be  seen  only  in  a  posterior  view  of 
the  heart :  lliey  are  represented  in  Jig- 
53,  and  marked  by  the  letters,  ec,  co. 

In  man,  the  apparatus  of  respiration 
consists  of  the  Ivings,  and  these  occupy 
Ihe  cavity  of  the  chest  (^g,  7S).  The 
chest  is  divided  into  two  portions,  a  right 
and  a  left  portion,  in  each  of  which  is 
placed  one  hing  i^g.  75  b,  6>  ;  hence 
there  are  two  tungs,  a  right  and  a  left, 
which liavenocoromunicalinn  with  each 
other  except  by  vessels.    Th:  heart  is 


L'o  nebl''irnd  l°ft'?r 


placed  in  Ihe  left  side  of  the  chest,  in 
contact  with  Ihe  left  lung,  (awards  its 
middle  and  lower  part  (Jig.Ti.a.'i  Its 
direction  ijig.ii)  is  obUque:  its  broad 


part  or  basis  is  placed  upwards,  back- 
wards, and  to  the  right  «de  :  its  apex  is 
placed  downwards,  proceeds  to  the  left, 
where  its  pulsation  may  be  felt,  corre- 
sponding to  the  fifth  and  sixth  ribs. 

The  heart  is  held  in  its  situation  by  a 
membranous  bag  which  encloses  it,  and 
which  it  termed  (he  pericardium.  This 
bag  is  attached  to  the  large  vesselswhich 
spring  from  the  heart  a  little  above  its 
oasia  ijig.  SO) :  but  no  osening  is  fomed 
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in  the  pericardium,  for  the  outlet  of  the 
vessfls.  The  vessels  do  not  properly 
perfornte  the  membrane  J  but  ine  mem- 
brane is  whAt  anatomiats  call  reflected 
upon  Ihem:  that  Is,  the  inner  layer  of 
the  pericardium  is  laid  upon  the  ester- 
iml  surface  of  the  vessels,  united  closely 
with  that  surface,  and  insensibly  lost 
upon  it  This  arrangement  is  extremely 
curious  and  beautiful :  it  constitutes  the 
pericardium  a  closed  bag,  while,  at  the 
same  time,  it  allows  of  the  exit  of  these 


heart.  While  this  membranous  bagltj 
the  organ  Srmly  in  its  situation,  it  is  ns 
niuch  larger  than  the  heart  as  may  be 
necessary  to  admit  ofils  freest  action;  it 
sits  loosely  and  easily  about  it,  yarding 
its  substance  without  coulimng  its  move- 
ments: it  contains  about  a  spoonful  or 
two  o(Hnipidfluid,just  sufficient  to  keep 
the  surface  of  the  heart  in  a  state  atsup- 
pleness  and  moisture.  The  action  of  the 
neart  is  essential  to  life,  and  must  be 
incessant ;  and,  tlierefore,  the  most  ex- 
treme care  is  taken  to  afford  it  a  free 
■pace  to  act  in,  and  to  guard  that  space 


Bylouking'at  i^.  51,  it  will  beseen 
Ihat  the  right  auricle  (  ^g.  51,  e)  is 
aituated  at  the  basis  of  the  right  ven- 
tricle: it  is  here  partly  opened:  at  its 


rIgKI  •aricle,  DjMBEdi'fj.  Iki 

tf.  lk>  nghl  TfiiCiiD]* !  d  d,  th«  cut  cdfi ,„„ 

from'  "ho  ^il'mn'dr  «  ™dfrJd™g'i;r"l-S 
U^t  braocliH./,/.  wkigb  KOlo  lb=  ri^l  kml  kfl 


upper  and  back  part  is  the  opening  of 
the  vena  cava  superior,  a,  which,  as  we 
have  seen,  returns  the  blood  from  the 
head,  nick,  and  upper  part  of  the  body ; 
opposite  to  it  is  the  opening  of  the  vena 
cava  inferior,  b,  which  returns  the  blood 
from  all  the  lower  parts  of  the  body. 

i>om  the  right  auricle  a  large  open- 
ing leads  into  the  right  ventricle,  termed 
the  auricular  orifice  of  the  ventricle  .- 
its  situation  is  marked,  and  is  occupied 
by  the  valve,  jf.g;. 

The  right  ventScle  is  much  more  thicli 
and  muscular  than  the  auricle ;  there 
is  spread  over  its  internal  suifiice  an 
uregular  net-work  of  fibres,  some  of 
which  are  marked  by  the  letters  /,  /,  I. 
Many  of  these  fibres  are  fixed  by  one 
extremity  to  the  sides  of  the  ventricle, 
whde  the  others  terminate  in  tendinous 
threads  which  are  attached  to  the  mem- 
brane forming  the  valve  g,  g,  placed 
around  the  auricular  orifice;  to  this 
membranous  valve  allcntiun  will  be 
drawn  immediately. 

From  the  upper  and  left  side  of  the 
right  ventricle  springs  Ihe  pulmonic 
artery  e,  f,  at  Ihe  entrance  of  which  are 
placed  three  membranes  of  a  crescent  or 
semilunar  shape,  termed  the  three  semi- 
lunar valves;  tlieir  situation  Is  marlsed 
by  the  letter  e,  and  their  form  i3  well 


n 
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Men  mfg.  52,  which  shows  two  of  the  The  lefl  auricle,  Ihe  eTctemnl  Rgure  of 

Bemilimar  valves  afthe  ftoita  entire.  which  ia  best  seen  in  a.  posterior  view  of 

The  slruclore  of  the  left  side  of  the  it.  aa  in   _fig.  53,  6,  b.   is  furnished   in 

heart  is  so  similar  to  that  of  the  right,  the  interior  with  mutculHr  fasciculi,  si. 

and  the  action  resulting  from  that  stnic-  milar  lothqse  of  the  right.     In  its  iip- 

ture  so  anHlogous,  that  a  few  words  only  per  and  back  part  (^g.  Si,  f)  are  found 

vill  be  necessai^  Id  complete  the  ile-  four  openings,  which  are  the  mouths  of 

■criptJon  of  the  circulatory  apparatus.  four  veios,  t»o  from  the  right,  and  two 


Fig.  53. 


t  t.  tit  IkirJ  d>Ti<M 


HmkhbIi  ft  nvticioc  Tieir  of  tlit'Hun.  a, 
till  iJl  mtiiid*  1  It.tl»]>ftMiido;  tc. 
UM  fni  pvlaoaur  nl«  i    ^  il,  qt  Iwa  (rat 


;ir.°  S?Il»^  ^'^i^'^?°.^  '■'ofrlmi  (IwSji  i™;  ,.  ll.  * J« 'riMil"lu 'ili '■■i.^' 
ihf  B«h™Iaran.  w  *i  h"^'  "  '  '"••"'>'''«li"cU*  Iff  t!c3iiiniu  eunJ.  wllh 


^im«^     If  '""«^'  **'"'°"''  ""^fo«.        Between  the  lefl  auricle  and  the  lefl 
n\  and  are  marked  c.  c,  c,  a  jng  to  the  valve  on  the  rigtit  side  (Jig. 


icleai 
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r.)    The  puietm  of  the  left  ren- 

le  are  nearly  as  thielt  aj^un  ai  tlioae 
of  the  riiclit  (_fig.  S4.  A.)  From  its  upper 
and  back  part  springslhe  great  artery 

which  convey!  the  blood  to  every  part  of    distinL_ ,  _. _, 

the  body,  the  aorta  (^.M.  A.)  Around    pEncardium,    whieli,'  being 'refleot«J, 
the  commencemeat  of  the    aortK  are    forini  its  external  surface ;  secondly,  of 


U  Iki  urU  tilt  opM  toinidi  iu  in 
d  c,  Ihftconnarj  ulflrin. 

a  fine  transparent   membrane,  which  lary  fo  add  a  few  words  relative  to  the 

lines  the  whole  of  its  iptemal  surface;  itruQture  and  distribution  of  the  veaseli 

thirdly,  of  muscular  substance,  which  nhich  earn  out  and  return  Itte  blood, 

is   included    between  these  two  mem-  before  the  function  can  be  understood. 

branes  ;  and,  fourthly,  of  cellular  tissue.  The  vessels  which  are  essential  to  the 

which  surrounds  and  invests  Qie  mus-  apparatus  of  the  circulation,  consist  of 

cular  fibres;  aad  which,  on  account  of  three  distinct  orders,  namely, — I.  the 

the  elasticity  which,  it !)&■  already  been  arteries;  2.  the  veins;  and  3.  the  lym- 

shown,  is  the  dislinctive  property  of  this  phatics.      The  different  function  per- 

tissue,    is   absolutely   essential    to   the  formed  bv  the    arteries  and  the  veins 

aciion  of  the  organ.    Though  the  eel-  has  nlready  been  stated  ;  the  lymphatics. 

lular  tissue,  as  it  is  mixed  up  with  the  which  may  Iw  considered  as  appendages 

muscular  fibre  of  the  heart,  is  eztremelv  to  the  veins,  although  they  do  not  con- 

delicate,  yet  it  endows  the  heart  witn  vey  blood,  but  chyle  end  lymjih,  are  an 

such  an  eminent  degree  of  elasticity,  essential  pari  of  the  circulating  system, 

that  if  a  portion  of  the  ventricle  be  cut  because  they  transport  to  the  former 

and  stretched,    it  regains  its  original  vessels  the  fluids  which  supply  them, 

bulk  and  ti^re  the  instant  the  distend-  and    they  communicate    directly  with 

ing  power  is  removed.    The  necessity  both  orders,  obviously  with  the  veins, 

and  the  beauty  of  this  structure  will  and  so  readily  even  with  the  arteries, 

abundantly  appear  when  we  treat  of  the  that  injections  will  pass  from  the  arteries 

heart's  action.  into  the  lymphatics. 

Such  is  the  structure  of  the  apparatus  Arteries  and  veins  possess  three  coals, 

for  the  circulation* ;  but  it  is  stilt  necei-  the  lymphatics  only  two.    Of  these  the 

external  is  called  the  cellular  coat.     It 

•Ttiowi>i.iiirUfi>r«  mondiuilfd  iMoaBi  rf  consists  of  Small  whitish  fibres  which  are 

ml  n(  ««  6rii«t  ilimlnitior  thii  Ti«- 
i.iitmkB,Tii.«(*.«,48.AW.kc  ^ 
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very  dense  and  tough,  and  which  inter'  nourished,  and  which  ire  e 
locc  toeelher  in  every  direction.  It  is  thdr  life  and  action.  Each  individual 
proportionably  thicker  in  the  larger  than  part  of  an  artery  is  furnished  nilh  itt 
in  the  stnaller  arteries,  and  it  gives  to  the  nvn  appropriate  vesiels,  and  when  it  is 
vessel  its  chief  strength.  Its  most  im-  necessary  in  surgical  operations  lo  tie 
portent  property  is  its  elasticity,  with  the  trunk  of  an  artery,  it  is  found  that 
which  it  is  cnaowed  in  a  very  high  de-  the  uimost'  care  must  be  taken  to  dis- 
gree.  The  second  is  tenned  the  middle  turb  it  as  little  as  possible,  exposing 
or  the  fibrous  coat.  It  consists  of  fibres  just  as  much  of  it  as  is  absolutely  re- 
of  a  yellowish  colour,  which  pass  in  a  quiredfor  theapplicalionof  the  tij^tun; 
oireular  direction  around  the  calibre  of  m  if  it  be  detached  from  its  situation  to 
the  arteiy,  forming  not  complete  circles,  any  extent,  its  natural  vessel*  we  rup- 
but  segments,  which,  uniting,  produce  tured,  and  so  Its  supply  of  nouriahment 
rings.  The?e  fibres  are  disposed  in  is  cut  ofi',  whence  it  become*  diseased, 
■evenl  successive  layers,  whicn  can  be  and  ultimately  dies,  or  in  surgical  lan- 
readilv  peeled  olF  one  after  the  otlicr.  guage  it  ulcerates  and  sloughs,  and  the 
Knd  which  form  oltopelher  a  prtlty  thick  consequence  often  is  fatal  hemorrhage 
tunic.  It  is  Uiickcr  in  the  small  branches  In  like  manner  all  Ihese  vesaela  are 
than  in  the  lar^  trunks,  the  reverse  of  abundantly  supplied  with  nerves,  which, 
whftt  is  found  in  the  cellular  coat,  in  the  artery,  appear  to  be  didributed 
While  it  is  firm  and  elastic  it  is  ex-  principally  to  the  fibrous  coat,  and  to 
homely  britile  ;  but  by  far  its  most  endow  it  with  a  peculiar  senabilHjr — a 
important  property  is  its  contractility,  sensibility  which  causes  it  to  rcceirc  a 
witn  which  vital  properly  it  is  eminently  peculiar  impression  on  the  contact  of 
endowed,  and  the  exercise  of  which  is  the  blood — an  impression  which  exdtca 
essential  to  the  function  of  the  vessel,  it  to  contraction,  the  blocxi  thua  ftmii- 
Suice  in  man  and  the  hisher  animals  ing  its  appropriate  stimulus, 
the  property  of  contractility  is  con-  From  what  has  been  said  of  the 
fined  to  the  muscular  fibre,  this  fibrous  vascular  system,  it  is  evident  that  the 
coat  has  b^en  supposed  to  be  of  a  vessels  i^hich  compose  it  are  highly 
muscularnaiure;  but  il  is  sodilferent  important  orgnns;  that  no  injutv  can 
in  its  aspect  from  the  muscular  fibre,  be  inflicted  on  them  without  produeing 
that  its  muscularity  has  been  vehemently  serious  mischief,  and  that  any  consider- 
denied  by  someoflhemost  dislin^ished  able  violence  applied  to  them  must 
anatomists  and  physiologists :  it  may  necessarily  be  attended  with  a  fatal  re- 
be,  however,  and  it  probably  is,  a  modi-  suit.  On  this  account  the  greatest  pos- 
ficatinn  of  the  muscular  fibre.  The  sible  care  has  been  taken  to  protect 
third  or  internal  coat  consists  of  thin,  them,  by  placing  them  in  situations  in 
dense,  whitish,  and  almost  transparent  which  external  force  can  scareely  reach 
fibres,  which  are  smooth  and  polished  them.  These  great  trunks  are  uniformly 
in  their  aspect ;  and  the  whole  surface  situated  in  the  cavities  of  the  body,  or 
of  the  tunic  is  moistened  with  a  thin  and  are  embedded  deep  in  the  substance  of 
somewhat  unctuous  fluid.  In  many  llie  limbs ;  they  pursue  their  course  in 
parts  the  membrane  is  formed  into  folds  the  neighbourhood  of  the  bones,  end 
of  a  semilunar  shape,  which,4ire  termed  under  their  shelter;    often  in  grooves 


valves,  and  which  are  disposed  in  such     excavated  in  the  bones,  on  purpose 

a  manner,  that  they  allow  a  free  passage    receive  and  secure  them.     Whene... 

to  the  blood  in  the  course  required  by    they  approach  the  surface,  they  divide 


the  cireulation,   but  efiectually  prevent  into  small  branches,  and  this  division 

the  retrograde  direction  of  the  current,  goes  on  diminishing  the  calibre  of  the 

This  tunic,  lhoui;h  thin,  is  so  firm  and  vessels,  until  when  actually  at  the  sur- 

strong,  that  after  the  other  coats  have  face  they  are  exceedingly  minute.      A 

been  entirely  removed  in  a  living  animal,  wound  in  an  artery  being  much   more 

it  is  capable  of  resisting  the  impetus  of  dangerous  than  a  wound  in  a  vein,  on 

the  blood,  and  of  preventing  the  dilata-  account  of  the  greater  impetus    with 

lion  of  the  artery;   il  is  smooth  and  which  the  blood  is  propelled  through 

polished,  to  afford  as  little  fiiclion  as  the  former,  the  artery  always  lies  deeper 

possible   to  the  blood,  and  firm  and  than  the  vein,  and  is  more  embedded  in 

strong,  to  prevent  its  escape.  soft  and  elastic  substances,  and  more 

All  these  vessels  are  themselves  abnn-  concealed  in  channels  formed  in  the 

danlly  supplied  with  vessels  termed  the  bones,  or  protected  by  stout  parapets 

vata    vatorum,   by  which   thay    are  thrown  up  on  ea^  aide  of  it. 
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As  it  ii  indifpeniatde  to  'the  mainte-  these  difficult  uid  atupendoui  opera- 

atmae  <rf  health,  and  olten  to  the  pmer.  tioni,  diseues  which  appear  to  be  far 

Talton  of  life,  that  evei;  organ  ihouM  bej^ond  the  reach  of  aJI  human  aid,  and 

receive  a  due  supply  of  blood,  two  expe>  nhicb  without  aid  proceed  with  a  lure 

dient*  are  adopted  to  Ii;uard  againat  an  and   rapid  pace  to  a  fatal  termination, 

intemiptioii  to  the  drculadon  in  any  part,  are  arreited. 

In  thenrtt  place,  eTervormn  receireia  „            ...    _,     ,  .    ., 

bj  more  than  one  arterial  trunk ;  all  the  The  blood  is]  returned  from  all  paita 

important   organs  form    several :   the  of  the  body  into  the  right  auricle  by  the 

brain,  for  example,  receives  four  exceed-  superior  uid  inferior  vena  cava.    From 

ingly  laree  truiilu  from  four  distinct  and  the  right  auricle  it  is  propelled  into  the 

indepnutent  sources  J  and  in  the  second  right  ventricle.     From  the  right  ven- 

place,  all  the  branches  unite  ttwether  tncle  it  is  conveyed  by  (he  pulmonic 

■o  intimately,  that  if   tbe  blood  find  arleiy  into  the  lungs.    From  tlie  lungs 

the  slighleit  check  in  one  tiranch,  it  it  is  returned  by    the  four  pulmonic 

instantly  finds  an  open  channel  in  ano-  veins  into  the  left  auricle.    From  the 

ther.  Perhaps  in  the  vthole  compass  of  left  auricle  it  is  propelled  into  the  left 

animated  nature  no  sight  is  more  beau-  ventricle,  and  thence  it  is  conveyed  to 

tiful  than  the  inspection  of  the  transpa-  every  part  of  the  body  by  means  of  the 

rent  part  of  a  living  animal  by  means  of  aorta. 

a  microscope:  theintersectionand  min-  But  in  pursuing  this  course  there  is 

Ci;  of  the  different  vascular  brancheti,  an  obvious  diScultv.     When  the  blood 

iigh  all  of  which  tbe  particles  of  the  ia  propelled  onwards  by  the  contraction 

blood  find  tbe  readiest  concdvable  ac-  of  theheart,  why  does  not  the  force  that 

cess,   forms  not  only   a  most  curious  moves  it  cause  it  to  flow  backwards  as 

but  most  wonderful  object    "niis  union,  well  as  forwards  ?    When,  for  example, 

or,  as  anatomists  term  it,  inosculation  the  right  ventricle  contracts,  why  is  not 

of  vessels,  is  capable  of  being  increased  the  blood  propeUed  backwards  into  the 

to  an  astonishing  extent  in  partici^ar  right  auricle  aa  well  as  forwards  into  the 

statesoflhe  system.    If,  (him  any  cause,  pulmonary  artery  7    When  the  ventricle 

a  large  branch  of  an  artery  t>e  obstructed,  contracts,  ita  neoessanr  tendency  must 

the  other  branches  which  it  gives  off  be  not  only  to  force  tne  blood  into  the 

are  c^aUe  of  enlarging  sufficiently  to  artery  which  the  course  of  the  circu- 

cany  on  (be  arculation  vrithout  impedi-  lation  requires  should  receive  it,  but 

nwnt ;  and  even  if  the  mun  trunk  be  also  into  the  auricle  from  which  it  has 

ot>literated,  the  ccdlatMil  branches  wiU  been  just  transmilted.  There  is  no  other 

perfimn  ita  function  so  po-fiMUy  a*  to  possible  means  of  obviating  this  fatal 

prevent  the  system  (ram  sustaining  any  unpediment  to  the  circulation  than  that 

material  injury.    Ouided  by  the  know-  ofpladogavalvebetweentheartery  and 

ledge  of  this  nrincnple,  modoii  surgeons  vem.     Accordingly  a  valve  Is  placed 

dauy  underiske  operationB,  tbe  idea  of  there  (^.  9S,  b,  b,  b).  The  action  of  the 

which  would  have  filled  with  terror  the  valve  is  as  follows: — As  long  aa  the 

surgeons  of  former  days.     Trunks  of  blood  proceeds  in  its  proper  course,  it 

siteries  are  taken  up  of  amaiing  sin,  presses  the  valve  close  to  the  aide  of 
and  in  situations  where  one  would  have 


ip  of  the  arteries,  he  will  be  struck 
with  the  force  of  this  observation,  when 
it  is  stated  that  these  splendid  uhieve- 
ments  of  modern  surgery  were  accom- 
plished in  the  following  order: — first, 
the  operator  ventured  to  take  up  the 
femoral  artery ;  then  the  external  iliac ; 
then  Ihe  subclayian  artery  below  the  H.p™..t.  a.  wi™  pi«^  s«„m  «,,  nrt, 
clavicle;    then  the  common  carotid;  aurieiauidiiM  fiiiictnirid*,  tin  Hritiiud 

then  the  subclavian  artery  above  the  ^^^^"^S^^ftl'ii^:'^^.^ 
clavicle;  then  the  internal  iliac :  then  oTthi  iHSe'rtWuriiiT>:  t,Fiii<irih<i'>ni]* 
the  arteria  mnominala:  and  katly,  rf  tb«  wwriim ;  ««  c  ai  aJuy  iarB«»i  4 
even   the  abdominal  aorta  itselC     Vj         StStaWtki^SKT'  '"■  *•  ''^  «~' 


Iho  heart  ;  and,  conseqnenlly,  prevents  looM  edge  of  th«  -nin,  t.t.t'  Tbew 
the  valve  from  oecasionine  any  impedi-  tendinous  threads,  like  so  muqr  itringi, 
menl  to  the  circulation.  "On  the  con-  tie  down  lUe  valve  to  its  proper  silui- 
trary,  the  moment  the  blood  begins  to  tion;  and  beinc  thus  secured,  the  mem- 
flow  backwards  into  the  ventricle,  it  brane  is  not  only  prevented  from  being 
insinuates  itself  between  the  wall  of  the  carried  by  the  impetus  of  the  relluent 
ventricle  and  |he  vaive;  forces  up  the  blood  too  far  into  the  auricle,  but  that 
-lalve  from  the  side  of  the  ventricle;  very  impetus  ia  the  meana  of  giving  it  ihe 
causes  it  to  occupy  the  passage  t>etween  distension  and  figure  that  are  required. 
'  the  ventricle  and  the  auricle ;  and  thua  But  Ihe  perfection  and  beauty  of  the 
completely  shuts  up  the  channel.  How  ■  mechanism  do  not  stop  even  here.  11 
effectually  it  does  this' is  well  seen  in  has  been  slated  that  each  of  these 
^.  57,  a,  which  represents  the  figure  fleshy  columns  may  be  considered  as  a 
distinct  muscle :  each  is  endovted  with 
the  peculiar  proptrty  of  the  musculu 
fibre,  that  of  contractility :  each  is  excited 
to  contraction  by  the  contact  of  the 
blood  just  as  the  ventricle  itsdf :  each, 
therefore,  by  contraction  shortens  all 
the  tendinous  threads  attached  to  it 
just  at  the  moment  that  these  strines 
require  to  be  lightened ;  and  lliey  further 
ligliten  them  in  the  precise  propottion 
required :  for  the  distension  of  the  mem- 
brane by  tlie  refluent  blood  strelchei 
I hese  tendinous  threads,  and  the  stretcli- 
ing  of  the  tendinous  threads  stretches 
the  fleshy  columns:  the  Setihv  culumns 
are  thus  stdl  further  irrit^ited,  excited, 
stimulated!  the  consequence  of  tliis 
increased  excitation  is  proportionally 
increased  cunlraclion,  and  the  ultimati^ 
result,  increased  security  that  the  valve 
will  be  held  in  the  precise  position  that 
is  required,  with  exactly  the  degree  of 
strength  that  is  wanted.  Tlius  there 
is  atcomphshed  here  Ihe  construction 
of  a  valve,  which  is  not  only  inost  per- 
fect in  itself,  but  which  is  endued 
.  with  a  properly  to  which  no  other 
placed  around  the  mouth  of  Ihe  aorta,  mechanism  afiords  any  parallel,  a 
when  they  become  distended  by  the  re-  valve  capable  of  generating  a  power 
fluent  blood.  As  is  clearly  seen  in  this  that  enables  it  to  act  with  additional 
figure,  they  so  completely  shut  up  tha  force  whenever  additional  force  is  requi- 
passBge  Ihat  not  a  particle  of  flnia  can  aite.  Among  the  countless  instances  of 
pass  backwards  into  the  ventricle.  wise  and  beneficent  adjustment  &mihar 

There  is  a  further  contrivante  adopted,  to  the  student  of  nature,  there  is  com- 
and  one  which  the  raind  cannot  con-  tnonly  some  one  upon  which  his  mind 
template  without  admiration,  in  order  rests  with  peculiar  satisfaction  ;  some 
to  render  the  action  of  the  valve,  placed  one  to  which  it  finds  itself  constantly 
between  Ihe  auricle  and  ventricle,  ner-  rMurriiw  as  aflbrding  (A«  proof,  which 
fuel.  Were  the  membrane,  whicFi  is  cannot  Be  resisted,  of  the  operation  of 
placed  in  this  situation,  loose,  it  is  ob-  an  intelligence  that  has  foreseen  and 
vions  that  the  refluent  blood  would  [rianned  an  end,  and  provided  for  its 
carry  il  back  into  the  iiuricle,  and  thus  accomplishment  by  the  most  perfect 
effectually  prevent  its  attion  as  a  valve,  means:  and  aurely  there  is  nothing  more 
But  it  has  been  slated  that  the  fleshy  worthyto  becomeoneauchresting-place 
columns,  which  are  placed  in  the  waU  to  the  philosophical  mind  than  the  struc- 
of  the  ventricle,  {fig.ti,  c,  c,  c,)  give  off  lure  and  action  of  the  valves  of  the  heart, 
numerous  tendinous  threads,  d,d,  which  Valves  are  placed  lielween  the  nght 
are  attached  by  one  extremity  to  these  avuficle  and  ventricle  ;  at  Ihe  mouth  of 
fleshy  columns,  and  by  {hp  itfitp  Ifl  the    th(  pidmonwy  «rtey.  between  the  left 
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assumed  by  the  three  semilunar  valves. 
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fttiriele  uid  ifolncJaf  and  at  the  month  day  for  ai^itjr  yean  togethar.it  the  nt> 

of  the  aort^  of  a  hundred  Ihoiuand  itrokea  eveiy 

„               -  „.      ,    ,      „,,..,  twenty-four  hours,    having    at    evenr 

(hiantttf^pfrgfiiafiftg  Blood  M  Man.  .irok,  ,  g«ai  wiistMce  to  oyetcomi 

Eaehcsiritvortha  luart  inaj  contain  ud  it  conlinuet  this  action  for  thi« 
froia  two  to  mrM' ouncM  of  blood.  The  length  of  time;  without  diaorder,  and 
heart  ccmtncU  fool  thotmnd  timei  m  without  wearioau. 
one  hoar*;  tbnrafan,  tbm  paacea  That  it  ibould  continue  this  action  for 
through  the  bav^  mry'  bou^  ,eight  |hit  length  of  time  without  diwrder  ii 
thounnd  ouDMi, '  oc  tmm  hwiFlred  wtnideiful ;  that  it  (hould  be  capatrie  of 
pound!  of  Uobd.  ^  whole  M(W«  of  continuing  it  without  weariness  is  still 
blood  ia  an  adult  man  i*  about  Tinmtr-  more  aatomshuig.  Never,  for  a  siagle 
Sve  of  thirty  pounds,  so  that  a  qnantity  moount  night  or  day,  does  it  intermit 
of  blood  •qiiai  to  the  whole  man  paasea  its  labour,  neitba  through  our  waking 
throuch  the  heart  twen^-nght  tunei  nor  our  sleeping  hour*.  On  it  goes, 
in  an  nour,  which  la  about  once  every  without  intenniision,  at  the  rate  of  a 
two  minute*.  What  an  affiur  muat  thu  hundred  thouaandatroket  every  twenty- 
be  in  very  targe  animali  I  It  baa  t>een  {our  hours,  yet  it  never  feels  fatigued,  it 
said,  and  with  truth,  that  tlie  aorta  of  a  pner  aeema  exhausted.  Rest  wo uU 
whale  is  larger  in  the  bore  than  the  main  have  been  incompatible  with  its  func- 
pipe  of  the  waterworks  at  London  (ions.  While  it  slept  the  whole  ma- 
Bridge,  and  that  the  water  roaring  in  chineiy  must  have  stopped,  and  the  aui< 
ita  passage  throu^  the  pipe  is  votaiot  nal  ioeritaUy  peruh.  It  was  necessary 
in  impetuj  and  velodt*  to  tb  blood  that  it  shoulcl  be  made  capable  of  work- 

lahin*  from  a  whale's  besrt  pr.  Pun-  ing  for  ever  without  the  cessation  of  a 

,_r,  in  lus  account  of  the  dissection  of  a  moment,  wittiout  the  least  degree  of 

wbaie,  states  that  the  aorta  measured  a  wearioesa  It  ia  so  made,  and  the  power 

foot  in  diameter,  and  that  ten  or  fifteen  of  the  Creator  in  so  constructing  it  can 

galloD*  of  blood  are  thrown  out  of  the  ia  notbing  be  exoeeded  but  bis  wisdom, 

heart  at  a  strdia  with  an  immense  velo-  „      ..    .  ^    „.      ,    . 

dty,  throu^  a  tube  of  a  fiwt  diameter.  Proqft  ftf  the  CintiiaUoH. 

It  has  been  well  observed,  that  «q  That  tba  couna  of  the  blood  i*  such 

cannot  be  anfflnen&y  gratefid  that  all  as  has  now  bem  desciitMd,  is  demon- 

our    ntal    Biotions'  are    involuntsir,  stmled,  first,  by  the  structure  and  dis- 

and    independent  of  our  car&      We  ponSmioftbe  valves  of  the  heart    The 

should  have  enough  to  do  had  we  to  valves  plaocd  at  the  two  aurioular  aper- 

keep  our  hearts  beating  and  our  sto-  hires  are  so  ntuated  aa  to  prevent  the 

maehs    at    wmk.     Did    these  things  eootanli  of  (be  ventricles  from  retunuog 

depend,  not  to  say  upon  our  effort,  but  into  the  auiioles,  while  the  contents  of 

even  upon  our  bidding,  upon  our  care  the  auiielea  are  allowed  a  free  passage 

and  attention,  they  would  leave  us  lei-  into  tb*  ventricles :  at  the  same  time  the 

sure  for  nottun^  dae.    Constantly  must  valves  placed  at  ttte  mouths  of  the  pul- 

we  have  bt-enupon  Ihe  watcli,  unci  cuti-  monaiy  wtan  and  the  aorta  allow  the 

stanily    m   (ear:    nigKt  and  day  our  eonteim  of  the  ventrioles  to  paas  into 

thoii^->its  must  have  been  devoted  to  this  the  art«rw>,  but  prevent  the  contents  of 

one  oliject ;  for  the  cessai'on  of  the  ac-  the  arteries  from  returning  into  the  ven- 

tion,  uvin  for  a  few  seconds,  would  be  tricles.    And  the  counlless  valves  which 

fatal :  such  a  constituliou  would  have  Qrowd  lb*  venous  iy*tem  are  all  so  ar- 

been  inLompaiible  wilti  repose.  rapged  aa  to  permit  and  assist  the  pes- 

The  wiaduin  of  Ihe  Crealor,  says  n  saga  of  the  blood  from  the  arteries 

distiiiguithed  anatomist,  is  in  nothing  through  tb«  vnns,  while  they  eSectually 

seen  more  gloriously  than  in  Ihe  h^art.  resist  its  return  fir<Hn  the  veins  through 

And  how  well  do«ii  it  perform  its  office !  the  arteries.    Secondly,  it  is  still  more 

An  anatomiit  who  undenlooil  its  struc-  oeitainlyproved^theeStetof  ligatures, 

ture    might    say    beforehand    thai    it  Whena  ugatnre  is  thrown  aroimd  a  vein 

woulil  play;   t^ul   from  Ihe  eomplexily  the  blood  aMumuUlei  ip  that  portion 

ot  its  mechanism  and  Ihe  deliuauy  of  of  it  which  is  most  distant  from  the 

many  of  its  parts,  he  must  be  HWffr-  bearti  while  the  portion  which  lies  be< 

bcnsive  that  it  would  alwaya  be  fia-  tweea  tl^e  ligature  and  the  heart  conti- 

t>la  to  derangement,  and  thu  it  would  nues  to  cany  forwsrd  its  contents,  and 

soon  work  itself  out    Yet  does  tlus  soon  becomes  empty.    When,  on  the 
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BHnilnr  experiment  the  rwane  occnn. 
Thtit  portion  of  the  Brteir  which  liei 
between  the  lii;:ature  and  the  heut  be- 
comes  full  and  swollen,  wMk  Ibe  other 
parts  become  flaccid, proving eleariy  that 
the  contents  of  these  two  vends  move 
in  opposite  directioni,  and  that  the 
natural  current  of  the  blood  is  from  the 
heart  to  the  arteiy,  from  the  artery  to 
therein,  and  from  the  vein  to  the  heart. 
Finally  if  the  web  of  a  frog's  foot  be  es- 
amined  Ihroiifih  a  microscope,  Ihe  blood 
may  be  seen  pursuing  the  cr 


merable  sti-eHms,  the  streams  constantly 
interaeciing  each  otticr,  and  occupying 
every  point  of  space  within  the  view.  It 
is  a  light  nhioh  no  man  who  has  once 
seen  can  ever  forget ;  and  he  vcho  has 
not  seen  it,  has  not  beheld  one  of  the 
most  curious,  and  wonderful,  and  beau- 
tiful   objects  which    Animated  nature 

Courts  of  the  Blood  in  the  Fatlus. 
ITie  (Breceding  account  relates  entirely 
to  the  course  of  the  circulation  in  ihe 
adult :  it  is  a  highly  curious  and  inte- 
resting fact,  that,  in  the  unborn  child,  it 
is  materially  dift'erert.  Since  respiration 
is  not  only  incompatible  with  fcetal  life, 
but  since  Ihe  blood  of  the  ftetus,  or  un- 
born child,  comes  to  it  sufiiciently  puri- 
fied from  the  system  of  its  mother,  its 
lungs  neither  can,  nor  are  required,  to 
exert  any  influence  upon  its  blood.  To 
circulate  all  this  fluid  through  these 
organs,  while  in  this  quiescent  state, 
would  only  complicate  the  function, 
without  rendering  it  more  perfect.  So 
much  only  is,  therefore,  sent  to  them  as 
is  necessaiv  for  their  nourishment,  and 
Ihe  rest  is,  by  a  beautiful  but  simple  con- 
trivance, passed  onward  to  the  system 
from  the  right  to  the  left  side  of  Ihe 
heart,  with  the  least  possible  loss  of 
purity,  orwasle  of  time.  To  effect  this, 
a  heart,  which  is  actually  double,  and 
ultimately  intended  for  a  double  circu- 
lation, is  converted  for  a  time  into  a 
single  organ;  and,  strange  as  the  asser- 
tion may  at  first  appear,  man,  when 
liewed  in  different  periods  of  his  exist- 
ence, may  \te  regarded  as  both  a  cold  and 
a  hot  lilooded  animal.  The  right  au-  , 
ride  is  made  to  communicate  freely  with 
the  left,  by  means  of  an  oval  aperture, 
placed  in  the  centre  of  the  partition 
whichdtvidesthem(^.SS);andtheblood 
of  the  right  ventricle  is  made  to  mingle 
directly  with  that  of  Ihfl  kit,  by  a  com- 
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munlcating  vessel,  termed  the  dactat 
arteriosus,  or  the  arterial  duct,  which 
is  placed  between  the  pulmonarj-  ar- 
tery and  the  aoria  (fig.  60.)  Tile  oval 
hole  is  guarded  by  a  valve  (fig.  59,  p). 
which,  being  placed  within  the  left 
auricle,  allows  the  passage  of  blood  from 
the  right  to  the  left  auricle  only;  and 
runs  so  obliquely  between  the  piUmo- 
nary  artery  and  aorla  that,  while  Ihe 
contents  of  the  former  vessel  are  en- 
couraged into  the  latter,  those  of  the 
latter  vessel  can  never  retrograde  into 
the  former.  By  means  of  the  com- 
municating aperture,  a  great  portion  of 
the  blood,  which  enters    Uie  right,  is 
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That  portion  which  passed  immedialely 
into  Uie  lelt  side  of  the  heart  IhrauEh 
the  oval  hole  is  lent  out  directly  by  the 
left  ventricle  into  the  torta,  to  be  distri- 
buted throughout  the  twdy;  and  that 
portion  which  entered  the  nght  ventricle 
u  sent  on  towards  the  lun^,  through  the 
pulmonary  artery,  but.  by  entering  the 
connecting  bnuich  which  runs  between 
t)ui  artery  and  the  aorta  (the  arterial 
duct),  the  greater  part  of  this  lecond 
portioa  lilwwiae  eicapei  into  the  aorta, 
tbui  leaving  only  a  fraction  of  the  blood 
vhi^  had  at  flnt  entered  the  right  au- 
ricle to  continue  tta  ordinary  journey  to 
thelungf.  After  the  blood  lias  reaclied 
the  aorfa,  it  fbUowi  the  usual  route  in  its 
^,^^_  courM  along  the  body,  but,  in  place  of 

skttc)>arB-pn|i*na«iujiiatiuiwttMiaeiuaTM-  immediately  retumiiu[  to  the  right  au- 
rii>»i;.,tiMTHtiW]Hi»,tb«jiiwri«nwUak  rjcle,  asinthe  circdation  of  the  adult, 
«T'^'2StoS'«"  ■"^<i«"^ti;^'^  it  paues  out  of  the  body  through  the 
Mnr.  iriitac  fnn  tka  Tiikt  mtrisia ;  t,  (,  tta  navel  of  the  cluld  by  two  veisels  in  the 
^?furriA?^^i«r'T^7C2  na«l«friog.  or  nmbiJical  cord,  goea  back 
■tunii««,i>rSakrttriiidiui  (Miaf  dinatir  *<>  t^  placenta,  and  then  returns  by 
(«.t^p.i«HV],.tuiTt<>c,c,Ui*una;  J,    anndevein  along  the  cord  to  the  foetal 


paned  immediately  into  the  left  auride,  Aa  loon  u  the  child  ii  bom,  how- 

m  pUee  of  being  previously  journeyed  ever,  this  modified   circulation  ceases, 

dnvu^  the  right  ventricle,  pulmonwy  At  this  period  two  important  changes 

artery,    and  lungs ;    and  by  means  of  occur— the  connexion  which  had  lub- 

the  eommunicaling  vessel  (the  arterial  sistcd  between  the  malemal  and  the  frnlal 

dnd)  a  great  portion  of  the  blood,  whidi  mtenis  is  dissolved,  and  the  lungs  of 

bid  not  previously  passed  through  the  the  child  begin  to  act.    In  virtue  of  the 

oral    hole  into    tne  left  auricle,    but  first  change,  no  more  blood  can  be  re- 

Ibrongh  the  auricular  foramen  into  tbs  ceived  from  the  mother :  in  consequence 

ri^t  ventricle,  is  sent  directly  to  the  of  thesecond,  thebloodofthechildmust 

wAi  of  the  aorta,  to  meet  and  min^  commence  a  double  circulation,      'lite 

with  the  risinz  current  as  it  issues  tmoL  flnt  change  will  occasion  less  blood  to 

Ihe  left  side  of  the  heart.    ITie  right  and  be  received  intc  the  right  auricle,  and 

left  anricles  are  thus,  as  it  were,  thrown  the  admission  of  more  blood  into  the 

into  one  common  cavity,  by  the  inter-  left  will  result  from  the  second  change, 

vention  of  the  oval  hole ;  by  means  of  The  relations  of  the  fwtal  circulation  are 

the  arterial  duct,  the  right  and  Ufl  ven-  thus    reversed,    and    the  very   causes 

trides  unite  in  propelling  at  the  same  which  formerly  gave  rise  to  its  peculiari- 

moment  into  the  aorta  the  blood  which  ties  are  now  employed  for  their  removal, 

they  contain ;  uid  the  right  auricle  and  During  the  fcetal  circulation,  the  com- 

ventride  are  made  subservient  to  the  Left  municaling   aperture  between  the   au- 

turicle  and  ventricle,  instead  of  being  riolea  'continued  open,  because  the  con- 

supemuinetary  ^nrtments  in  a  double  tente  of  the  right  auricle  exceeding  in 

heart,  oonductipjt  «  Mosle  draulation.  quanlitythoseoftheleft,  the  momentum 

The  ptculiarities  of  the  ftaetal  circula-  of  the  circulation  was  from  the  right 

lion,itiib^ed,maynowbeuiid0stood.  auricle  to  the  lelt;  and  the  communi- 

The  blood,  which  is  sent  from  the  i>la^  eating  vessel  which    ran  Iwtween  the 

cents  to  the  child,  arrives  at  the  r^t  side  pulmonary  artery  and  aorta  likewise  re- 

^tbebeait,an4ieBdmittedintotherkht  mained  pervious,    because    circulation 

auricle.    When  the  auricle  becomes  full,  through  the  lungs,  in  their  collapsed 

it  contracts,  part  of  tlie  blood  which  it  state,  was  difficult.      But  at  birth,  the 

contmiasentevtheright  ventricle  by  the  auricular  aperture  closes,  because  the 

ordinary  way,  and  part  passes  tbrongfa  supply  of   the  right  auricle  being  no 

the  oval  hole  between  the  ri^t  and  lelt  greUer,  and  at  fitit  less  than  that  ol  the 

Mnictee  into  the  left  side  of  the  hntt  kfl,  to  toenaination  of  the  circuUaion 
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is  from  the  left  to  the  rielit  auricle,  and,  tina;  that  men  is  a  living  being  supported 

thercfni-e,   the  valve   of    tliis  aperture,  by  vita!  functions,  the  sanguiferous  5yv 

which  lies  in  the  left  auricle,  is  so  com-  tern  has  been  regarded  ns  a  clever  illus- 

pressed  agmnst  its  vmlis  during  every  tralion  of  mechanical  prindple*  working 

confraclion,  that  adhesion  belween  tha  upon  dead  mailer.     It  is  unnecessary  to 

mar^ns  of  the  valve  and  the  ajwrture  say  how  far  both  doctrines  are  dislmt 

uhimalel;  takei  place,  and  (he  arterial  frmn  Ihelrulh;  and  it  is   quite  ceHain 

duel,  or  vessel  of  intercourse  Iwtween  that  man;  of  the  phenomena  of  lliis 

the  pirlmonary  artery   nnd   aorta,   abw  funclion  must  have   appenred   inipenf- 

elows,  because  the  expanded  slate  of  the  trahly  obscure  lo  Ihe  advocates  of  eith*r. 

iungs  encourages  the  iiassBge  of  the  Wood  It  was  the  doctrine  of  Harvey,  that  ihe 

from  the  right  to  the  left  cavities  of  the  only  organ  which  conducted  tile  circuli- 

heart.  tion  was  Ihe  heart ;  and  this  opinion  has 

Circumstances  purely    physical  are  been  vtarmlj' advocated  by  many  subse- 

thiis  found  lo  account  for  the  rcrv  dif-  quent  phvsiologists.     But  it   has  been 

ferent  slates  oflliis  functionin  Ihe  risttis  already  shewn  that  in  many  of  the  in- 

and  in  the  adult.    The  connexion  of  the  ferior  classes  of  animals,  a  circulation 

fcrmer  with  il»  mother's  sjstem  not  only  may  eiiil  without  a  heart  ;  its  introduc- 

renders  a  sinele  circulation  necessat^,  tion  t>eing  only  necessary  vrhenorganiii' 

but  leads  to  tfe  Tery  apparatus  for  its  tion  became  voluminous,  and  stnicfiire 

establishment ;   and  Ilie  aiirial  medium  complex.     In  insects  there  is  no  central 

by  which  the  latter  is  smrounded  not  organ.    In  fishes,  Ihe  branchi»,  or  gills, 

only  requires  a  double  circulation,  but  intervene  belween  the  aorta  and  heart; 

furnishes  important  facilities  toTfards  its  so  that  the   blood,   after  it  leaves  the 

execution,     Tl«  auricular  aperture  and  branclii*,  must  move   by  some  agency 

communicating  Tessel  being  now  closed,  independent  of  the  heart ;  and  in  the 

the  heart,  which  btfore  was  only  ana-  human  species,   cases    have   been  met 

tomically  double,  is  now  made  funclion-  With  in  which  a  circulation  must  have 

ally  so ;  and  the  blood,  which  was  be-  obtuned  for  a  eonsideraliie  period  with- 

fore  limited  to  a  single  circulatioti,  is  out  any  central  organ.     A  foetus,  fifleen 

now  made  to  undertake  a  second  joui^  inches  high,  has  been  described  by  Mr. 

ney.     There  is  no  parallel  to  the  perfec-  Brodie  as  not  having  had  a  heart  ;  and 

lion  of  this  contrivance,  but  the  simpli-  the  mola,  or  imperfect  eliUd,  frequently 

city  of  the  mechanism  by  which  Ihe  ob-  attains  a  very  considerable  siie  wiihont 

jetts   lequired  are   secured  ;   and    that  ihe  advantage  of  such  an  organ, 

mcthanism    afTords    one   of  the    most  It  is  obvious,   therefore,  thai  howerer 

beautiful  illustration*,  at  once  of  skilful  essential  the  heart  may  be  lo  the  circula- 

adaptation  and  of  prospective  arrange-  tion   of  the   blood  in  many  classes  of 

DKnl.  animals,  certain  forms  of  this  fanetion 

Pow^»  by  tchicA  ike  Blood  drcuiatei.  ^'V"^"^  T'"*""'  '*  =  ""''  "  '^'?:T 

„    ,   .     .                                      "•  ot  shown  that  even  in  man  seyersl  other 

Such  IS  the  machinery  by  which  the  Important  agents  are  employed, 
blood  circulates  and  the  courae  in  which 

it  flows.  It  is  an  interesting  and  some-  ■«c"o«  y  "*f  "«w'  <w  ihe  Cireulaliw. 
what  difficult  point  to  determine  what  When  the  ohert  of  a  living  animal  ii 
is  the  agency  by  which  this  machinerr  opened  and  the  heart  exposeil.  the  foi- 
ls wrought,  or  what  are  the  powers  which  lowing  appearances  are  witnessed.  The 
are  brought  to  bear  upon  it  to  put  it  in  Hght  auricle  is  seen  to  contract  while 
motion,  and  to  keep  that  motion  up  with-  the  right  ventricle  dilstei;  and  when 
out  ceasing,  without  weariness.  Without  Ihe  riaht  ventricle  dilate*,  the  pulmo- 
thought,  for  the  most  part  without  even  nary  artery  contracts.  The  *aaw  aher- 
con^ciousness.  during  every  moment  of  nations  of'^action  take  place  in  the  left 
our  fife,  through  our  sleeping  and  our  side  of  the  heart.  As  the  left  auricle 
v<akmg  liours.  contracts,  Ihe  left  veotride  dihttes :  and 
_  Home  have  iraaginedthat  as  Ihe  blood  as  Ihe  left  venlricle  dilatM.  the  aorta 
IS  a  living  fluid,  it  cannot  be  considered  contracls.  The  two  auricles,  conse- 
passive  during  its  cutiulation  ;  but  that,  qnently,  dilate  together,  the  two  ven- 
by  putting  into  action  its  own  vitality,  tricles  contract  together,  the  pulmonary 
It  malenaliy  contributes  to  its  own  move-  artery  and  aorta  are  hlled  at  the  same 
menl.  Others  have  studied  the  science  lime,  and  Ihe  vena;  cave  and  puhno- 
of  hydraulics  with  the  hope  of  discover  nary  teins  pour  their  contenta  at  the 
tog  the  oltctdatiDf  powers,  ttnd,  foijjeb.  Mue  moment  into  the  kuktet.    Vm 
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harmony,  with  which  these  different  m  an  animal,  which  has  recently  ex- 
actions proceed,  is  as  beautiful  as  the  pired,  its  action  may  be  for  a  time 
necessity  of  such  harmony  is  obvious,  restored,  by  supporting  an  artificial 
Did  the  ventricles  persevere  in  contract-  respiration.  Such  facts,  and  they  might 
ing  after  thehr  contents  had  been  expelled,  be  variously  multiplied,  are  well  known, 
the  auricles  would  be  unable  to  fill  them ;  and  the  inference  to  which  they  tend  is 
and  did  the  auricles  foiget  to  contract  obvious ;  yet  it  must  be  admitted  that 
when  full,  the  ventricles  would  continue  there  are  phetiomena  of  an  opposite 
empty.  As  it  is  arranged,  however,  nature  strongly  indicative  of  the  mflu- 
the  ventricle  is  empty  when  the  auricle  mce  of  the  nervous  system  upon  the 
ia  fiiU,  and  contraction  commences  the  heart.  Hie  blood*vessels  of  a  palsied 
moment  relaxation  terminates ;  so  that  limb  btfpk  to  diminish  shortly  after  the 
as  soon  as  the  auricle  is  prepaied  to  fill  attack ;  iti  supply  of  blood  lessens  as 
the  ventricle,  the  ventricle  is  prepared  to  its  power  sillks ;  emaciation  keeps  pace 
relieve  the  auricle ;  and  the  ventricle  is  with  impaired  sensibility^  and  mortifica- 
no  sooner  ready  to  propel  its  contents  tion  is  not  unfre<)uently  the  consequence 
into  the  artery,  than  the  artery  is  also  of  a  paralyzed  circulation.  And  as  in 
ready  to  receive  them.  This  systematio  diseaies  of  the  nervotis  system,  the 
alternation  of  giving  and  receiving  ftmctiofti  of  the  heart  and  arteries  are 
is  continued,  until  the  blood  whkm  more,  and  sooner  disturl)ed  than  perhaps 
entered  the  right  auricle  leaves  the  left  any  oth^;  so  even  in  health  there  is  no 
ventricle.  brfin  so  much  under  the  power  of  the 
Many  ingenious  conjectures  have  been  mud  aa  the  heart ;  fear  depresses  its 
hazarded  respecting  the  cause  of  this  activity*  and  joy  excites  it;  it  is,  in 
curious  succession  of  alternate  actions,  ahort,  so  much  the  victim  of  mental 
llie  ancients  believed  that  there  dwelt  emotion,  that  it  is  popularly  called  the 
an  inherent  pulsifio  virtue  in  the  heart,  seat  of  passion  ;  and  to  speak  in  the 
which  enabled  it  to  contract  and  dilate  language  of  the  heart  is  considered  as 
alternately.  Some  conceived  that  the  ohutieteristic  of  sincerity,  as  it  is  of 
amricles  and  ventricles  were  antagonist  gnef,  to  say  that  the  heart  is  broken, 
muscles,  and  that  the  same  cause, which  The  only  legitimate  inference  which  can 
operated  u]>on  the  auricles  as  a  stimulus  bt  drawn  from  such  conflicting  premises 
to  contraction*  acted  at  the  same  time  ia  that,  while  the  heart  is  not  perhaps  as 
as  a  sedative  upon  the  ventricles  in  immediately  dependent  upon  the  brain, 
causing  relaxation;  Some  ascrikied  to  atf  the  brain  is  upon  the  heart,  both  are 
air  effervescence  l)etween  the  acid  and  tieoessaiy  for  the  efficient  action  of 
alkalescent  principles  of  the  blood,  what  either. 

others  traced  to  the  archeuM,  anima,  or  The  heart  is  a  hollow  muscle,  possess- 

intellifi^ent  agent,  which  was  supposed  to  ing  both  elastic  and  contractile  powers, 

superintend  the  vital  functions.    Haller  Its  oontractilitv  depends  on  the  muscular 

explained  all  upon  an   unknown,  vet  lllires  of  which  it  is  principally  com- 

acknowledged  principle,  which  he  called  posed:  its  elasticity  on  the  cdlular  tissue 

irritability ;  and  Le  Gallob  has  endea-  which,  as  we  have  seen,  is  mixed  up  with 

voured  to  prove  that  the  heart  depends  the  muscular.  Its  elasticitv  is  inferior  to 

upon    the  spinal  marrow   for  all  its  its  contractility ;  but  its  elasticity  is  in- 

varieties  of  motive  power.    By  intro-  dispensable.  When  the  heart  contracts, 

ducing  a  metallic  rod  into  the  vertelval  ita  muscular  fibres  have  not  only  to 

canal,  he  found  that  the  action  of  the  6xpel  the  blood,  but  to  overcome  the 

h«urt  weakened  as  he  broke  down  the  elasticity  which  wouki  prevent  contrao- 

3inal  cord,  and  that  when  it  was  com-  tion ;  and  when  it  dilates,  the  muscular 

etely  destroyed,  this  oigan  had  lost  all  fibrea  relax,  and  allow  its  elasticity  to 

power   of  supporting   Uie  circulatkm.  <^Mrate.    The  one  is  a  vital,  the  other  a 

But   similar  experiments  have  sut)se-  mecliaiueal  agent.    Power  is  created  by 

quently  proved  that  the  spinal  marrow  the  action  of  contractility,  but  elasticity 

may  thus  be  broken  down  throughout  merely  restores  a  part  to  its  primitive 

its  whole  extent)  and  yet  the  heart  con-  eonditioii,  when  the  constraining  force 

tinue  its  action  for  a  considerable  time,  has  ceased  to  operate. 

It  is  also  certain  that  the  heart,  when  The  cause  of  the  hearths  contraction 

separated  from  the  body,  may  be  stima*  is  the  entrance  of  blood  into  its  cavities  ; 

laied  to  contraction  by  kieinj^  immcrMd  the  eanae  of  the  heart's  dilatation  is  the 

in  warm  water,  or  pricked  with  a  sharp-  action  of  its  elastieity  when  its  contrao- 

pohited  inilrunmit;  and  lAmm  JM  tltt^  iMMved.    In  this  madiiir  may 
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be  explained  what  h&«e  been  called  the  maintained  throu^ut  its  whole  coorw, 
tyttolt  or  conlraction,  and  the  diailoU  three  minutes  could  not  be  spent  in  t 
or  dilalalion  or  this  organ.  The  elastic  single  circulation.  Several  of  the  ret- 
power  facilitates  the  re«^tion  of  blood  sons  why  this  cannot  be  the  ease  will 
mio  the  heart ;  the  contractile  power  soon  appear,  and^t  is  not  unlikely  thiJ 
eSeda  iti  departure  from  it.  llieelastio  the  power  of  the  heart  has  been  over 
power  opens  the  auricle,  the  contractile  estimated.  Borelliconceived  that  itwis 
power  dosea  the  Tentricle.  When  the  equal  to  ISO, 000  pounds  :  Senac  re- 
contents  ot  the  auride  have  been  ex-  duceJ  it  to  4.00  ;  iiiid  Keii  diminishes 
pelled,  as  soon  ai  the  contractile  power  it  lo  the  insignificant  fraction  of  eight 
has  so  relaxed  as  to  cive  the  elastic  ounces.  The  amazing  discrepancy, 
power  the  superiority,  dilatation  com-  which  such  caleulalions  betray,  is  a 
mences,  end  proceeds  until  the  walls  of  tolerable  proof  (hat  little  importance  ii 
the  auricle  have  resumed  tlieir  natural  to  be  attached  to  any  of  them  ;  and  il 
state.  A  vacuum  is,  therefore,  formed  was  to  be  expected  thai  they,  who 
witlun  the  auricle,  and  the  blood,  which  looked  to  the  action  of  the  heart  along 
is  xageA  forward  to  the  heart  along  the  for  the  agency  by  which  the  blood  cir- 
vdns,  is  in'rited  by  this  vacuum  into  the  culales,  would  be  tempted,  for  the  sake 
KUrlele.  Elaaticifr  and  contractility  are,  ot  system,  to  ascribe  lo  it  an  undue 
then,  Iho  two  great  powers  by  whicn  the  influence. 


heart  acts. 


Actiatt  o/Ike  Arteriei  on  the 


taken 

tion  be  two  ounces  and  a  half,  that  the  By  such  physiolo^sts  the  arteries  weiv 

heart  contract  seventy-five  times  in  a  eontemplaled  as  lifeless    and    passive 

minute,  andthatthiity  pounds  represent  tubes,    useful   only   liecause   connected 

the  quantity  of  blood  circulating  in  tlie  with  a  living  and  acting  organ.      But  it 

body  of  a  moderately   sized  man.   the  has  been  already  stated,  Uisl  a  circula- 

whole  mass  of  blood  \viU  pass  through  tionraaybeconductedeveninthehuman 

the  heart  twenty-three  limes  cverv  hour,  ^slem  without  a  heart ;   that  in  insects 

and  an  entire  circulation   will   be  per-  there  is  no  such   organ,    and   that  in 

formed  every  three  minutes.    The   time  fishes    two-thirds    of   the    blood   w-iih 

spent  during  one  circuliil  iun  may  thus  lie  wliicli   tliej    are    snpplied     are     circu- 

easily  ascertained  ;  but  it  is  more  diffi-  lated  by  means  of  vessels  only.    Since, 

cult  to  discover  how  far  the  action  of  the  however,  this  function  may  exist  witb- 

heart  extends  along  the  arteries,  and  at  out  a  heart,  while  an  artery  is  always 

what  rate  the  blood  travels  in  different  necessary,    it    is  obviously  absurd  to 

stages  of  its  journey.  attempt  to  explain  the  circulation  upon 

From  experiments  carefully  made  mere  hydrauuc  principles,  or  to  as- 
nnd  trequently  repeated,  it  is  believed  cribe  to  the  heart  the  entire  credit  of  ils 
that  the  left  ventricle  projects  its  blood  performance.  In  Uving  beings  the  agency 
into  the  aorta  with  a  velocity  equal  to  of  machinery  must  ever  be  studied  in 
twenty-one  feet  in  the  minute.  By  in-  connexion  with  the  influence  of  hte. 
serting  a  glass  lube  into  a  large  arteiv.  Each  is  equally  necessary  to  the  esta- 
Hales  found  that  the  blood  rose  eignl  bUshment  of  function.  No  physkal 
feel  and  three  inches  above  the  level  of  process  can  be  conducted  by  lif^  with- 
the  left  ventricle  during  every  conlrac-  out  machinery,  and  machinery  without 
tion  of  the  heart,  and  hence  infets,  that  life  cannot  execute  any  physiologicil 
the  blood  would  rise  seven  feet  and  a  half  fiinction.  Were  arteries  lifeless  lubes, 
high  in  a  similar  tube  fixed  into  the  attached  to  the  heart  for  the  sake  of 
carotid  artery  of  a  man.  "  The  internal  convenience,  as  leather  pipes  in  a  water- 
area  of  the  left  ventricle  of  the  heart  engine  are  connected  with  the  piston, 
{he  olwerves)  is  equal  to  fifteen  square  the  science  of  hydraulics  might  l>e  1^- 
inches  :  these  multiplied  into  seven  feet  timately  appUed  to  the  action  of  these 
and  a  half  give  1350  cubic  inches  of  vessels,  and  to  estimate  the  force  of  the 
blood,  which  press  upon  that  ventricle  heart's  agency  would  be  to  measure  the 
when  first  il  begins  to  contract;  a  weight  strength  of  the  circulatirtg  powers, 
equal  to  51—3  pounds."  This  plan  has  been  attempted,  but  il 

It  is  certain,  however,  that  if  the  has  failed,  and  the  heart  has  been  in- 
velocily  with  which  the  blood  leaves  the  vested  with  a  degree  of  force  quite  in- 
left  ventricle,  supposing  it  to  be  equal  compatible  with  the  structure  of  sucii 
to  twenty-one  feet  in  n  minute,  were  aa  oigao,  in  order  (o  account  for  phe- 
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nomena  which  were  not  to  be  explained  known  hydraulic  law,  that  the  velocity 

upon  so  limited  a  system.    If  the  capil-  of  a  fluid  in  a  tube  is  in  an  inverse  ratio 

lary  extremity  of  an  artery  be  placed  to  the  area  of  that  tube,  it  likewise 

in  a  microscope,  it  will  be  seen  to  con-  follows  that  the  velocity  of  the  blood 

tract  and  dilate  as  regularly  as   the  along  the  arterial  system  must,  in  obe- 

heart.     If  the  aorta  be  tied  as  it  issues  dience  to  this  law,  decrease  as  it  pro- 

from  the  heart,  the  blood  which  it  con-  ceeds  from  the  centre   to  the  circum- 

tains  beyond  Uie  ligature  will  be  urged  ference. 

forward  as  usual  into  the  veins.  And  Now,  nature  has  done  every  thing  to 
if  the  heart  be  wholly  removed  from  the  weaken  the  influence  of  these  retarding 
body,  the  circulation  may  be  observed  causes.  To  lessen  the  efilects  of  friction, 
to  gq  on  for  some  time  afterward  in  the  the  arteries  are  made  elastic ;  to  counter- 
capillary  vessels.  Many  experiments  act  the  influence  of  curves  and  angles 
of  this  kind  were  performed  by  Spal-  contractilityis  afforded;  and  to  neutrSize 
lanzanL  The  heart  of  a  salamander  the  tendency  of  a  law  which  diminishes 
was  opened,  and  the  blood  continued  to  the  velocity  of  a  fluid  as  the  vessel 
flow  through  the  vessels  for  twelve  through  which  it  moves  increases,  this 
minutes  after  the  operation.  The  heart  contractile  power  augments  as  the  vessel 
of  a  tadpole  was  cut  out,  yet  "  the  cir-  decreases.  In  consequence  of  the  first 
culation  was  maintained  some  time  in  provision,  the  impulse  of  the  heart  is 
several  ramifications  of  the  tail ;  while  transmitted  alon^  the  vessel  to  as  great 
the  motion  of  the  blood  in  the  laive  a  distance  and  with  as  little  loss  of  mo- 
veins  became  augmented*  that  in  the  mentum  as  possible;  by  the  second  a 
accompanying  artoy  took  a  retrograde  new  impulse  is  added  to  the  first ;  and 
course  towaitb  the  heart.**  The  heart  by  the  third  the  strength  of  this  im- 
of  the  chick  in  ovo  was  destroyed  im-  pulse  rises  as  that  of  the  first  declines, 
mediately  after  contraction ;  "  the  arte-  Were  the  arteries  unyielding  vessels, 
rial  fluid  took  a  retrograde  direction,  friction  would  operate  at  every  impulse 
and  the  momentum  of  the  venous  blood  of  the  heart  without  the  control  of  an 
was  redoulried.  The  circulation  con-  opposing  principle ;  but,  by  making 
tinued  in  this  manner  during  eighteen  them  both  elastic  and  contractile,  and 
minutes.**  proportioning  these  properties  to  the 
Like  the  heart,  therefore,  the  arteries  varying  necessities  of  the  case,  the  im- 
are  endowed  with  the  properties  of  pellin^  powers  and  resisting  forces  are 
contractility  and  elasticiW ;  and  a  little  equalized.  Some  from  having  over- 
consideration  will  be  sumcient  to  con-  looked  this  provident  arrangement, 
vince  us,  that  were  they  not  both  elastic  have  maintained  that  the  velocity  of 
and  contractile  tubes,  they  would  be  the  blood  in  the  aorta  is  IIUO  de^es 
unqualified  for  dischai^ging  the  offices  quicker  than  that  with  which  it  circu- 
assigned  them.  The  moment  the  left  lates  through  the  extreme  vessels ;  and 
ventricle  has  poured  its  blood  into  the  Hales  has  concluded  that  the  blood 
aorta,  several  retarding  causes  be^n  in  the  capillaries  of  a  frog's  foot,  which 
to  operate,  through  which  the  velocity  he  says  travels  at  the  rate  of  two  feet 
first  impart^  to  the  departing  current  every  minute,  is  six  hundred  and  fifty 

fradual^   lessens    as    it  moves    to  a  times  slower  than  that  in  the  human 

istance  from  the  heart    The  friction  aorta,  the  average  velocity  of  which  he 

between  the  blood  and  the  sides   of  estimates  at  ei^ht  inches  in  a  second. 

the  vessels  through  wtdch  it  moves, —  But  many  ingenious  and  well-con- 

fhe  many  curves  and  angles  which  it  ducted  experiments  have  been  made  by 

encounters  wldle  passing  along  tubes  Haller  and  Spallanzani,  which  clearly 

laid  in  every  organ  of  the  body— ^md  the  shew  that,  when  the  body  is  in  a  state 

increasing  area  of  these  tubes  as  they  of  health,  there  is  a  very  trifling  dif- 

ramify*  are  obstructions  of  such  influ-  ference   between   the  velocity  of   the 

ence  as  would  render  it  impossible  for  blood's  movement  in  the  large  trunks 

the  heart  to  conduct  the   drculation  and  the  minute  vessels.    When  a  small 

without  assistance.    Since  the  area  of  artery  was  opened,  the  blood  issued  with 

the  aorta  or  arterial  trunk  is  less  than  as  much  force  and  to  as  great  a  dis- 

the  conjoined  area  of  all  its  Inranches,  tance  as  when  drawn  from  a  large  one ; 

it  follows  that  the  arterial  system  con-  and  when  the  microscope  was  employed, 

stitutes  an  inverted  cone,  the  apex  of  the  blood  in  the  capillaries  frequently 

which  is  in  the  heart  and  the  base  in  the  seemed  to  move  even  more  rapidly  than 

c.pUl«ie.     And  «ace  it  i,  a  weU.  that  in  the  trunk,.               ^ 
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the  heart  and  arterial  trunks,  enables  as  the  veins ;  "since  the  apices  of  both 

this  fluid  to  return  through  the  veins,  cones  terminate  in  the  heart   But  while 

It  must  be  recollected,  however,  that  al-  the  arterial  blood  moves  from  the  apex 

though  we  are  thus  tracing  the  different  to  the  base,  the  venous  blood  moves 

stages  of  the  blood^s  progress  through  from  the  base  to  the  apex  ^  so  that  the 

the  system,  it  never  stops  in  anv  perioa  current  of  the  blood  in  the  arteries,  being 

of  its  course ;  that  the  action  of  the  heart  viewed  in  relation  to  the  position  of  the 

is  constant,  and  that  the  arterial  trunks  cone,  is  said  to  be  along  an  inverted 

are  ever  full.  cone,  but  along  an  upright  cone  when 

When  a  quantity  of  blood,  theii,  has  in  the  veins, 

reached  the  capillary  arteries,  and  is  Every  facility  being  .thus  afforded  to 

ready  to  be  transferred  into  the  capillary  the  return  of  the  venous  blood  to  the 

veins,  three  powers  at  least  are  in  opera-  heart,    the    powers   already    specified 

tion  to  eff^t  its  passage.    The  first  is  the  operate  with  the  greatest  advantage* 

muscular  action  ofthe  arterial  capillaries,  and  when   their'  influence  begins    to 

the  second  is  the  action  of  the  heart  and  weaken  as  the  current  approiumates  the 

arterial  tnmks,  and  the  third  is  the  mo-  centre,  a  new  agency  comes  into  pUy» 

mentum  of  a  large  column  of  blood  which  must  now  oe  mentidhed. 

already  in  rapid  motion.    These  three  ^  ^                 ^^»r             j  r,  .^ 

agents,  probably  assisted  to  a  small  ex-  ^w^^  poufeir  of  tM  LUngi  and  Heart. 

tent    by  capillary  power,   convey  the  While  treating  ofthe  action  of  the  heart 

blood,  as  it  comes  from  the  extremities  iii  propelling  the  arterial  blood  into  the 

of  the  arterial  trunks  through  the  ca-  aorta,  we  said  that  the  ventricle  dilatea 

pillary  system,  into  the  beginnings  of  the  as  the  aiiride  contracted,  that  the  aU- 

veins ;  but  how  far  they  are  caplible  of  ncle  dilated  as  the  venbride  coiitrab- 

propelling  it  along  these  vessels^  it  is  not  ted,  that  the  cause  of  the  heart's  con- 

so  easy  to  ascertain.   For  our  present  traction  was  its  muscularity,  that  elas- 

purpose  it  is  enough  to  know  that  their  ticity  was  the  cause  of  its  dilatation^ 

action  must  extend  a  considerable  way.  and  that  this  elasticity  arose  from  the 

and  that  in  the  structure,  course,  and  presence  of  a  lax]^  quantity  of  cel<- 

numl)er  of  the  vessels  through  which  iular  tissue,  which  is  mixed  lip  with  the 

the  returning  fluid  has  to  pass,  every  tnuscular  fibres  of  this  organ.    It  wa3 

facility  is  afforded  to  it.    The  vein^  ai%  likewise  hinted,  that  one  cause  which 

large  and   freelv   anastomose,  in  order  assisted  the  auricle  in  filling  the  ven- 

fhat  if  any  obstacle  occur  in  the  circu-  tride,  was  a  partial  vacuum  fomied 

lation  of  one  tube,  the  blood  naay  make  within  the  latter  by  the  action  of  its 

Its  passage  through  another.    They  are  dasticity,  and  it  will  now  appear  that 

crowded  with  valves,  in  order  that  the  the  same  cause  assists  the  vense  cavse 

blood,  which  they  contain,  may  be  pre*  or  tnmks  of  the  venous  system,  in  filling 

vented  from  pursuing  any  other  than  its  the  auricle  when  the  ventricle  is  fulL 

proper  course,  in  order  that  the  weight  of  If  a  caoutchouc  bottle  h%  filled  with 

the  returning  column  may,  as  far  as  pos-  water  and  compressed  with  the  hand, 

sible,  be  taken  off  the  propelling  powers,  the  fluid  will  be  expelled  from  its  mouth 

and  in  order  that  external  pressure,  or  with  a  velocity  proportionate  to  the  com- 

muscular  action,  or  any  neighbouring  pressing  force.    Bi^t  the  moment  the 

influence  may  be  rendered  available  to  pressure  is  removed,  elasticity  begins  to 

the  common  object — the  ascent  of  the  operate,  and  if  the  inouth  of  the  bottle 

blood  in  the  veins.    They  are  much  less  be  now  immersed  in  water,  a  consi- 

tortuous  than  arteries,  that  the  impedi-  derable  quantity  of  this  fluid  will  be 

ment  from  curves,  angles,  and  lateral  drawn  up  into  the  bottle,  inconsequence 

friction  may  be  small;  and  while  the  of  the  vacuum  formed  within  it    Let 

arterial  system  forms  an  inverted  cone,  this  illustration  be  applied  to  the  action 

the  veins  constitute  a  cone  set  upright,  of  the  heart,  and  the  nature  of  the  new 

so  that  the  returning  blood  has  tne  ad-  agent,  which  aids  the  other  powers  in 

vantage  of  a  law  which  was  a  serious  returning  the  venous  blood  to  the  right 

impediment  to  its  progress  along  the  ar-  auricle,  will  be  easily  understood. 

teries.  When  inverted  and  upright  cones  When  the  right  ventricle  has  poured 

are  here  mentioned,  we  spealc  with  rda-  its  contents  into  the  pulmonary  arterv, 

tion  to  the  course  of  the  blood  through  the  auride  contracts,  and  immediately 

them,  and  not  to  the  position  of  the  cones  fills  it.    But  the  auricle  has  no  sooner 

themselves.  As  to  abstract  position,  the  contracted  than  its  dasticity  again  causes 

arteries  are  as  much  an  uprigfat  cone  it  to  dUate,  and  thus  avacuum  is  formed 
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If  it  be  cotiiidered  how  the  two  dr-  through  a  small  artery,  more  a  vital 
cuUting  powers  lOreBdy  descTlhed —  process.  Hence,  in  the  sturgeon  the  aorta 
elasticity  and  conlradilit; — are  proper-  is  bony,  Hnd  the  root  of  the  Sirae  vessel 
lioned  inroughout  the  atlerinl  system,  it  is  oRen  ossified  in  man,  without  pro- 
will  not  appear  strange  that  the  fact  ducing  any  change  in  the  character  of 
Bhouldlieas  is  now  stated.  It  is  pro^  the  ctrcuktion.  The  heart  is  the  central 
bable  that  the  aorta  is  ttlDscular  Bi  It  organ  by  which  the  hlood  is  put  in  mo- 
issues  from  the  heart,  and  that  ttie  tion,  and  circulates  toward  the  citcum- 
farthest  point  of  it*  most  minute  ference;  the  capillaries  are  the  peri- 
branch  is  elastic:  but  these  two  powers  nheral  organ,  by  which  the  motion  at 
will  not  be  found  in  the  same  degree  first  given  to  the  blbod  is  supported  and 
in  these  two  fbrnls  of  the  same  vessel,  assisted  In  returning  toward  the  centre. 

Elasticity  diminishes    M    we   proceed      .  ,._    >,i.  f_:_ .!../-;_./„#.-„_ 

from  the  heart ;  muscularity  diminishes  -^cdw.  o/"  the  Veuu  on  the  Cwrufafton. 
as  we  approach  it.  Their  conditions  are  Ithasbeen  ohserved.thatin  the  ilnic- 
invertecl.  Tlie  stronger  the  eootfaclility  ture,  course,  and  arraneement  of  the 
ttie  weaker  the  elasticity;  and  the  veins,  there  are  serei-al  points  which  dis- 
weaker  the  elasticity,  the  stronger  ttie  tingtiish  them  from  arleries.  In  the  first 
Gontraclility.  80  that^  as  tlie  atrebglh  place,  Diey  are  thinner  and  le^S  ela.stie, 
of  the  heart's  impulse  upon  the  blood  and  muscularity  has  been  generally  de- 
diminishes  OS  the  current  leaves  tttt  nicd  to  them.  Secondly,  they  are 
eentrei  the  strength  of  the  contraetile  crowded  with  semilunar  folds  of  their 
power  in  the  smaller  arteries  through  lining  membrane,  termed  folvet,  which 
which  it  hai  to  pass  increases.    And  as  are  so  disposed  in  their  interior,  as  to 


the  elasticity  of  the  la>^  arteries,  which  olTer  no  resistance  to  the  blood  in  lit 
to  them  is  essenlial,  would  be  injurious  progress  to  Hie  heart,  while  (hey  tender 
to  the  small  ones,  this  prioeiple  grado-  any  other  course  impracticable.  Thirdly 
dly  decreases  with  the  decreasing  arterji  |hey  are  generally  not  so  deeply-seated 
until  the  capillary  vessel  becoTues  almtm  as  arteries,  but  are  comparBlively  supei^ 
exclusively  a  muscular  tube.  A  large  flcia],  many  of  them  bem^  covered  only 
artery  near  the  heart  needs  not  much  by  the  exiei-nal  skin.  Fourthly,  (h^ 
contractile  power,  because  the  action  of  are  much  morp  numi^roiis  than  arlerie-', 
the  heart  gives  a  d^ree  of  momentum  and  anastomose  much  more  frequently 
to  the  blood  passing  through  sueh  a  with  each  other;  and,  lastly,  they  are 
vessel,  which  would  not  only  render  more  capacious,  and  are  supposed  to 
strong  action  in  the  vessel  unnecessary,  contain  two-thirds  of  the  entire  mass  of 
but  inconvenient.  But  as  (his  momentum  blood.  Now,  a  knowledge  of  these  pe- 
weakensthrough(he  effectotlheretard-  culiarities  will  teach  us  the  aclion  of 
ing  causes  already  mentioned,  increaa-  these  returning  vessels. 
ing  power  in  the  artery  is  indispensable  In  several  of  bis  experiments  upon 
as  a  compensation  for  the  decreasing  salamanders,  Spallaniani  ascertained 
influence  of  the  heart.  And  since  elas-  that  the  molion  of  the  blood,  durmg  its 
ticiiy  and  contractility  are  antngonist  return  through  the  veins,  was  mate- 
principles,  it  were  in  vain  to  increase  the  rially  accelerated  at  every  contraction  of 
contractility  of  the  small  tirlery  while  it  the  heart.  And  it  has  been  shewn,  (hat 
was  permitted  to  retain  the  elasticity  of  the  capillary  arteries,  in  consequence  of 
the  large  ore,  because  any  increase  of  their  increased  contractility,  operate  at 
its  contractile  power  would  be  rendered  (he  circumference  as  the  heart  does  at 
useless  by  the  preponderance  of  its  the  centre  of  the  circulation;  differing 
elastic  force.  The  elaslicity  of  a  large  in  nothing  but  their  degree  of  action, 
arlery  preponderates,  because  this  By  the  heart,  orcentral  power,  the  blood 
elaslicity  enables  it  to  dilate  when  the  is  propelled  into  and  urged  through  Ihe 
heart  contracts,  and  thus  to  increase  arterial  trunks.  As  these  trunks  lessen 
the  aclion  of  the  heart  by  diminishing  into  branches,  the  propelling  power  of 
the  friction  of  the  vessel;  and  the  con-  the  heart  diminishes,  whde  Ihe  con- 
Iractiliiyofa  small  artery  preponderates  tract  ing  power  of  the  tubes  increases; 
because  Iliis  contraelility  enables  it  to  and  when  the  blood  has  reached  Ihe  ea- 
make  up  for  Ihe  deficiency  of  the  heart's  pillary  or  extreme  vessels,  it  is  then  fully 
aclion,  and  thus  to  preserve  the  ctfcula-  under  the  influence  of  a  sirong  muscular 
tion  in  a  tolerably  uniform  state.  agency.  This  muscular  agency  of  the 
Circulation  through  a  large  artery  capillaries,  aided  by  the  impetus  of  Ihe 
IS,   consequently,   mora  an  hydrauho,  blood  impelled  onward  from  beliind  by 
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the  heart  and  arterial  trunks,  enables  as  ihe  veins ;  "since  (he  apices  of  both 

this  fluid  to  return  through  the  veins,  cones  terminate  in  the  heart   But  while 

It  must  be  recollected,  however,  that  al-  the  arterial  blood  moves  from  the  apex 

though  we  are  thus  tracing  the  different  to  the  base,  the  venous  blood  moves 

stages  of  the  blood*s  progress  throiigh  from  the  base  to  the  apex  ^  so  that  the 

the  system,  it  never  stops  in  anv  period  current  of  the  blood  in  the  arteries,  being 

of  its  course ;  that  the  action  of  the  heart  viewed  in  relation  to  the  position  of  the 

is  constant,  and  that  the  arterial  trunks  cone,  is  said  to  be  along  an  inverted 

are  ever  full.  cone,  but  along  ati  upright  cone  when 

When  a  quantity  of  blood,  then,  has  in  the  veins, 

reached  the  capiUary  arteries,  and  is  Every  facility  being  .thus  afforded  to 

ready  to  be  transferred  into  the  capillary  the  return  of  the  venous  blood  to  the 

veins,  three  powers  at  least  are  in  opera-  heart,    the    powers   already    specified 

tion  to  efibct  its  passage.    The  first  is  the  operate  with  the  gireatest  advantage; 

muscular  action  ofthe  arterial  capillaries,  and  when   their'  infiuenc^  begins    to 

the  second  is  the  action  of  the  heart  and  weaken  as  the  current  approximates  the 

arterial  trunks,  and  the  third  is  the  mo-  centre,  a  new  agency  comes  into  play» 

mentum  of  a  large  column  of  blood  which  must  how  oe  mentioned, 

already  in  rapid  motion.    These  three  „  ^^                 ^mk    r             j  tr  .^ 

agents,  probably  assisted  to  a  small  ex-  ^ueHoH  powet  of  the  LUngi  and  Heart. 

tent    by  capillary  power,   convey  the  While  treating  oflhe  action  ofthe  heart 

blood,  as  it  comes  from  the  extremities  in  propelling  the  arterial  blood  into  the 

of  the  arterial  trunks  through  the  ca-  aorta,  we  said  that  the  ventricle  dilatea 

pillary  system,  into  the  beginnings  of  the  as  the  aiiride  contracted,  that  the  au- 

veins ;  but  how  far  they  are  capable  of  ricle  dilated  as  the  ventricle  coiitrab- 

propelling  it  along  these  vessels,  it  is  not  ted,  that  the  cause  of  the  heart's  coh- 

so  easy  to  ascertain.   For  out  present  traction  was  its  muscularity,  that  elas- 

purpose  it  is  enough  to  know  that  their  ticity  was  the  cause  of  its  dilatation^ 

action  must  extend  a  considerable  way.  and  that  this  elasticity  arose  from  the 

and  that  in  the  structure,  course,  and  presence  of  a  lai]^  quantity  of  cel« 

numl>er  of  the  vessels  through  which  lular  tissue,  which  is  imxed  up  with  the 

the  returning  fluid  has  to  pass,  every  tnuscular  fibres  of  this  organ.    It  wa3 

facility  is  afforded  to  it.    The  veins  are  likewise  hinted,  ^  that  one  cause  which 

large  and  freelv   anastomose,  in  order  assisted  the  auricle  in  filling  the  ven- 

that  if  any  ol>stac]e  occur  in  the  circu-  tride,  was  a  partial  vacuum  formed 

lation  of  one  tul)e,  the  blood  may  make  within  the  latter  by  the  action  of  its 

its  passage  through  another.    They  are  elasticity,  and  it  will  now  appear  that 

crowded  with  valves,  in  order  that  the  the  same  cause  assists  the  venae  cayse 

blood,  which  they  contain,  may  be  pre«  or  trunks  of  the  venous  system,  in  filling 

vented  from  pursuing  any  other  than  its  the  auride  when  the  ventricle  is  fulL 

proper  course,  in  order  that  the  weight  of  If  a  caoutchouc  bottle  be  filled  with 

the  returning  column  may,  as  far  as  pos-  water  and  compressed  with  the  hand, 

sible,  be  taken  off  the  propelling  powers,  the  fluid  will  be  expelled  from  its  mouth 

and  in  order  that  external  pressure,  or  with  a  velocity  proportionate  to  the  com- 

muscular  action,  or  any  neighbouring  pressing  force.    Bi^t  the  moment  the 

influence  may  be  rendered  available  to  pressure  is  removed,  elasticity  begins  to 

the  common  object — the  ascent  of  the  operate,  and  if  the  mouth  of  the  bottle 

blood  in  the  veins.    They  are  much  less  be  now  immersed  in  water,  a  consi- 

tortuous  than  arteries,  that  the  impedi-  derable  quantity  of  this  fluid  will  be 

ment  from  curves,  angles,  and  lateral  drawn  up  into  the  bottle,  in  consequence 

friction  may  l>e  small;  smd  while  the  of  the  vacuum  formed  within  it    Let 

arterial  system  forms  an  inverted  cone,  this  illustration  be  applied  to  the  action 

the  veins  constitute  a  cone  set  upright,  of  the  heart,  and  the  nature  of  the  new 

80  that  the  returning  blood  has  tne  ad-  agent,  which  aids  the  other  powers  in 

vantaj^e  of  a  law  which  was  a  serious  returning  the  venous  blood  to  the  right 

impediment  to  its  progress  along  the  ar«  auricle,  will  be  easily  understood. 

teries.  When  inverted  and  upright  cotiea  When  the  right  ventricle  has  poured 

are  here  mentioned,  we  spealc  with  rtia-  its  contents  into  the  pulmonary  arterv, 

tion  to  the  course  of  the  blood  through  the  auricle  contracts,  and  immediately 

them,  and  not  to  the  position  ofthe  cones  fills  it.    But  the  aiirk^le  has  no  sooner 

themselves.  As  to  abstract  position,  tiie  contracted  than  its  elasticity  again  causes 

arteries  are  as  much  an  upright  cone  tt  to  dUate,  and  thus  avacuum  is  formed 
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at  the  very  extremity  of  the  venous  sys-  the  blood  contained  by  that  portion 
tern.    Meantime  the  blood,  which  in  re-  which  lies  between  the  ligature  and  tlie 
turning  through  the  veins,  l)eing  pressed  heart,  continues,  without  interruption, 
upon  in  every  direction   from  behind,  to  pursue  its    course  to  the   auricle ; 
moves  on  toward  the  heart,  comes  at  proving  that,  although  all  communica- 
length  within  the  influence  of  this  vacu-  tion  has  been  thus  destroyed  between 
um ;  instantly  the  suction  power  gene-  this  section  of  blood  and  the  general 
rated  in  the  auricle  b^ns  to  operate,  current,  there  is  still  some  power  exist- 
and  completes  the  circulation  by  drawing  ing  l)etween  the  ligature  and  the  heart, 
the  rising  current  into  the  cavity  of  tli^  The  following  experiment  is  given  to 
auricle.  show  that  the  influence  which  this  sue- 
To  revert  again  for  a  moment  to  our  tion  power  exerts  upon  the  course  of  the 
illustration  of  the  elastic  bottle.    Sup-  venous  blood  is  not  only  certain,  but 
pose  that,  in  place  of  allowing  this  bottle  considerable.    The  left  jugular  vein  of  a 
10  be  exposed  to  the  action  of  the  ex-  horse  was  exposed  and  tied.    Al)out  an 
temfld  atmosphere  during  the  experi-  inch  heioyr  the  ligature  a  large-sized 
ment,  it  be  introduced  within  the  ex-  flexible  catheter,  having  a  spind  glass 
hausted  receiver  of  an  air-pump,  while,  tube  adjusted  to  one  end,  was  mtroduced 
at  the  same  time,  by  adjusting  a  pipe  to  into  the  vein  by  the  other  extremity, 
its  mouthy  we  connect  the  bottle  within  pushed  down  toward  the  heart  as  far 
the  pump  with  a  vessel  of  water  on  the  as  it  would  freely  ^,  and  preserved  in 
outside;  it  is  evident  that,  since  the  this  situation  by  having  a  ligature  thrown 
pressure  of  the  air  is  removed  from  the  around  it  and  the  vein.    The  point  of 
surface  of  the  bottle,  while  it  continues  the  spiral  tul)e,  which  had  an  aperture 
to  act  upon  the  surface  of  the  water,  the  in  it  that  had  been  hitherto  closed  by 
fluid  will  be  drawn  through  the  pipe  the  ftnger,  was  now  immersed  into  a  cup 
into  the  cavity  of  the  bottle  with  a  very  of  water,  coloured  with  Prussian  blue, 
considerable  force ;  with  a  force  regu-  and  the  finger  was  removed.    The  mo- 
lated  by  the  proportion  which  the  sur-  ment  the  tube  was  introduced  into  the 
&ce  of  the  water  bears  to  the  surface  of  cup  the  blue  fluid  rose  rapidly  in  the 
the  vacuum  within  the  bottle.  tube.     "  The  sun,"    says  Dr.    Barry, 
Now,  it  is  supposed  that  the  heart,  "  happening  at  the  moment  to  shine 
during  a  healthy  state,  is  placed  in  cir-  strongly  on  Uie  tube,  I  saw  in  the  most 
cumstances  very  similar  to    those  in  satisfactory  manner  the  undissolved  par- 
which  the  elastic  bottle  stands  while  tides  of  blue  pass  up  from  the  cup  and 
under  the  receiver  of   the   air-pump,  round  the  spiral  during  inspiration,  and 
Until,  however,  we  proceed  to  the  sub-  halt  and  return  slowly  towards  the  cup 
ject  of  respiration,  and  have  the  anatomy  during  expiration,    ^f  ot  a  drop  of  blood 
of  the  pulmonary  system  before  us,  it  was  seen  to  enter  the  tube,  but  bubbles  of 
will  be  impossible  to  present  the  reader  air  sometimes  appeared  upon  the  surface 
with  any  intelligible  description  of  this  of  the  liquid  in  the  cup  during  expiration, 
doctrine.     For  the  present,  he  must  rest  The  breathing  being  audible  allowed  me 
satisfied  with  the  assumptions  that  such  to  keep  my  eye  steadily  fixed  upon  the 
a  vacuum  exists ;  that  during  inspira-  motion  of  the  liauid,  and  to  ascertain, 
tion,  the  cavity  of  the  chest  being  much  beyond  all  possibility  of  deception,  that 
enlarged,  the  pressure  of  the  external  this  motion  was  entirely  dependant  upon 
atmosphere  upon  it  is  materially  dimi-  the  movements  of  respiration." 
nished ;  that  the  parts  which  it  encloses  The  strength  of  this  suction  power  in 
are  for  the  time  in  a  partial  vacuum ;  and  the  heart  is  not  easily  measured,  nor  is 
that,  from  the  connexion  subsisting  be-  it  known  with  certainty  how  far  along 
tween  the  heart  and  lungs,  a  considerable  the  venous  system  its  influence  extends"^ 
portion  of  this  vacuum  takes  place  in  but  it  is  obvious,  from  the  veiy  structure 
the  cavity  of  the  pericardium,  or  bag,  of  the  heart,  that  such  a  power  does 
which  surrounds  the  heart.    The  conse-  exist  within  it ;  and,  from  the  obser\  a- 
quence  is,  that  the  heart  works  within  tions  now  made,  it  appears  that  this 
the   pericardium  as   the  elastic  bottle  innate  suction  power  of  the  heart  is  ma- 
works  withm  the  exhausted  receiver ;  terially  increased  by  the  elasticity  of  the 
with  this  difference,  that  the  vacuum  lungs  ;  or,  in  other  words,  that  the  heart 
withm  the  latter  is  constant,  while  it  is  an  elastic  muscle  placed    within  a 
only  occurs  in  the  former  during  every  vacuum.    Viewing  it,  therefore,  as  both 
inspiration.  a  forcing  and  a  suction  pump ;  as  a  hol- 
.    It  a  ligature  be  put  around  a  vein,  low  organ  which  empties  its  cavities  by 
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contraction,  and  fills  them  by  elasticity,  tility  of  the  heart  and  capillaries,  elasti- 
manv  phenomena  receive  elucidation  city  of  the  heart  and  arteries,  and  suc- 
whicti  it  would  be  otherwise  difficult  to  tion  power  of  the  heart  and  lungs,  are 
explain.  The  superficial  course  of  the  the*  three  chief  circulating  agents,  to 
vems,  the  deep-seated  position  of  the  which  the  execution  of  this  important 
arteries,  the  continuous  stream  in  which  function  is  to  be  ascribed ;  and  tne  con- 
venous  blood  flows,  and  the  interrupted  summate  wisdom,  with  which  these 
current  of  arterial  blood;  the  strong  a^nts  are  so  adapted  to  the  varying 
elastic  structure  of  arteries,  and  the  circumstances  of  the  circiilation,  can  bi 
pliantoompressibletextiureof  veins;  the  only  imperfectly  estimated  even  when 
turgidity  of  the  veins  of  the  neck  and  face  fhllyunderstooa. 
during  expiration  and  couching ;  the  We  have  seen  that  the  force  of  the 
great  size  of  the  right  auricle  over  the  hearths  action  has  been  fixed  at  a  cer- 
left ;  the  theory  of  palpitation,  and  the  tain  number  of  pounds  and  grains,  just 
cause  of  the  pulse ; — these  and  many  as  we  might  take  the  weight  of  a  piece 
other  interesting  points,  which  our  limi&  of  dead  machinery,  and  that  the  velocity 
prevent  us  from  noticing  more  largely,  of  the  blood  has  been  measured  througlih 
can  be  accounted  for  when  it  is  known  out  the  different  stages  of  its  course, 
that  atmospheric  pressure  is  to  be  en-  with  an  inch  and  line  calculation.  But 
rolled  amon^  the  circulating  powers,  as  the  folly  of  such  estimates  must  now  be 
second  only  in  importance  to  contract!-  obvious.  As  the  relations  between  the 
lify.  The  veins  are  pliant  and  superfi-  moving  agents  are  ever  changing,  the 
cialtogive  full  effect  to  the  action  of  the  degree  of  motion  which  they  generate 
atmosphere ;  while  the  arteries  are  deep  must  be  equally  variable.  The  influence 
seated  to  avoid  pressure,  and  elastic  that  of  the  heart  upon  the  vital  current  varies 
they  may,  after  yielding  to  the  impulse  with  the  distance ;  the  contractility  of 
given  to  the  passing  current  by  each  the  arterial  trunks  increases  as  they  leave 

Eulsation  of  the  heart,  assist  this  or^^an  the  heart ;  the  elasticity  of  the  arterial 

y  their  reaction  in  moving  the  vital  capillaries  diminishes  as  they  approach 

fluid  toward  Uie  capillaries.    The  cur-  the  veins ;  and,  although  the  absolute 

rent  in  the  arteries  is  salient  or  inter-  pressure  of  the  atmosphere  upon  every 

rupted,  because  it  depends  upon  the  part  of  the  external    surface  of   the 

alternate  contractions  of  the  heart  and  body  must  be  the  same,  that  is,  fifteen 

dilatation  of  the  arteries;  while  that  in  poimds  upon  every  square  inch,  the 

the  veins  is  continuous,  because  it  is  operation  of  a  vacuum  within  the  chest 

moved  on  by  more  continuous  agents,  will  render  the  eff(ect  of  this  pressiure 

For  the  same  reason  is  it  that  there  is  an  upon  the  motion  of  the  venous  blood 

arterial,  but  no  venous  pulse.    This  phe-  greater  in  a  direct  ratio  to  its  proximity 

nomenon  is  strongest  at  the  heart,  he-  to  the  vacuum.    Thus,  in  perhaps  eveiy 

cause  there  contraction  is  the  strongest ;  inch  of  sanguiferous  vessel  there  is  a 

and  it  gradually  declines  as  we  leave  the  new  combination  of  the  sanguiferous 

centre,  because  as   the  blood  dei>arts  agents ;  and  it  is,  therefore,  i(fie  to  cir- 

from  the  centre,  it  is  leaving  the  princi-  cumscribe  within  one  general  calcula- 

pal  impelling  agent ;  and,  therefore,  the  tion  the  operation  of  powers,  whose 

impression  made  upon  the  artery  at  proportions  are  as  different  in  different 

each  pulsation  of  the  heart  lessens  as  parts  of  the  system,  as  the  nature  of 

the  distance  between  it  and  the  heart  the  tissues  through  which  the  blood 

increases.  circulates. 

r^^^^i  j?,H^^h»  .*^-  *h^  /•••^iZof.Mo.  Besides,  m  different  individuals,  and 

General  Remarks  u^  the  etreulaiwg  ^^^^  j^  ^^  ^^^  individual  at  different 

^^  •  periods,  the  force  of  the  hearths  action 

Such,  then,  are  the  principal  agents  by  and  the  activity  of  the  vessels  are  very 

which  the  circulation  in  man  is  con-  various.    In  the  melancholic  the  circu- 

ducted.    Some  others  have  been  m&ir  lation  is  languid ;  but  in  the  sanguine  it 

tioned,  as  contraction  of  the  muscles,  is  quick.    When  enlivened  by  hope,  or 

pressure  of  the  viscera,  the  movements  encouraged  by  prosperity,  the  vital  cur- 

of  the  diaphragm,  (of  which  we  shall  rent  flows  with  ease  ana  freedom ;  but 

speak  immediately,)  and  ^capillary  at-  when  grief  or  adversity  sinks  the  spirits 

traction.     But,  although  all  of  these  this  function  is  sure  to  sympathize.    In 

may   be   considered  auxiliary  agents,  youth  the  pulse  is  frequent;  in  man- 

their  action  must  be  always  tnfling,  and  hood  it  is  wrm ;  in  age  it  is  weak  and 

may  b^  sometimes  adverse.    Contrac-  alow.     In  short,  the  heart  is  so  en- 
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tird?  Ihe  ilave  of  mental  emotion  and  verse.!  by  siviog  and         ^.     ■  ,    , ,  ^ 

SiysicBl  circumstance,  that  its  action  and  there  is  no  organ  bo  distant  which 

raav  alter  every  hour  in  the  day.  or  every  arteries  do  not  reach,  and  from  whic^ 

minute  in  the  hour ;  and  the  only  cer-  veins  do  not  rue.    From  microscopicj 

Sin  tacts  which  we  can  vouch  for  on  the  ohBen'alion,  Leuwenhoeck  was  mduced 

■ubiecl  or  the  blood's  velocity  are.  that  it  to  cone  ude.  that  there  were  VPT"^' "' 

ii  somewhat  greater  in  the  laree  arteries  1  .OUO  different  circulations  within  every 

tiian  in  the  small,  and  some"Wha{  less  square  inch  of  the  human  body;   and 

in  Ihe  smaU  veins  than  in  the  lar^e ;  such  minute  distnliuUon  of  the  blood 

that  as  il  issues  from  the  left  ventricle  is  not  a  more  striking  feature  of  this 

and  enters  the  riglit  auricle  it  is  quicker,  function,   than  the   iindevialin^  accu- 

and  as  it  passes  from  Ihe  arteries  into  racy  with  whicli  every  nutrient  partible 

the  veins  slower,  than  during  any  other  of  the  general  mass  is  deposited,  xu  its 

periods  of  its  course.  proper  place.    Osseous  matter  i»  laid 

,         ,  ,     „.       ,  ,.  down  where  bone  is  necessary;  fleshy 

Use,<iflh»CiTCu]atmn.    _  gj^^^  -^   ^^^^.j  „,,.,„  ^^^^^  „  ^ 

The  ohiecls  for  which  this  complicated  quired;  and  cellular  tissue  is  secreted 

function  has    been  so  perfectly  esta-  where  neither  bone  nor  muscle  could 

Wished,  and  is  so  faithfully  maintained,  be  substituted.    Perhaps,   in  the  wiJo 

fre  many  and  imporlanl.     Nutrition,  range  of  Nature's  splendid  operations, 

Roorelion,  respiration,  absorption,  sen-  there  is  not  to  be  found  a  more  perfect, 

sation,   and  motion,  depend    upon    its  or  a  more   extensive  series  of  effi'cti, 

performance-    No  new  part  could  be  resulting  from  »  less  comphcated  pieoe 

formed,  no  new  fluid  could  be  elabo-  of  mechanism,  than  is    witnessed    in 

rated,  no  excremenlitious  matter  could  t^^  circulating  system:    »  mechanism 

pe  removed,  no  sensation  could  exist,  -whereby  tissues  the  most  different  are 

^nd  no  motion  eould  be  effected  without  constructed  out  of  the  same  fluid,  and 

(1  heart,  arteries,  and  veins.  The  process  vessels    externally  alike  elaborate  se- 

of  digestion  on  the  one  hand  would  go  cretions  which  have  scarcelyonepoint  in 

pri  in  vain,  and  the  function  of  absorp-  common.    Between  the  blood  going  to 

{ion,  on  the   other,  would  be  useless,  the  stomach,   and  that  which  supplies 

Were   there  no  arteries   to  convey  Ihe  the  kidneys,  no  diflerence  is  discover- 

chyle,  which  has  been  elaborated  in  the  dble;  yet  Ihe  fluids  secreted  by  these 

Blomach.toevery  organ,  digestion  mi^hl  organs  are  totally  dissimilar ;   the  ves- 

[iroceed   for    ever   without   supporting  gels   which   supply  the   leelh  and  those 

ife;    and   were   there   no   veins  lo  re-  which  support  Ine  brain,  appear  exter- 

ceive  Ihe   refuse  mailer  of  Ihe  system  nally  ahke,   yet  there  are  not  two  sub- 

from  the  absorbents  as  they  take  it  up.  stances   in   nature  mure  opposile   llian 

nutrition  could  not  possilil^  b«  accom-  nerve  and  enamel.    Muscular  fibre  is 

plished ;  Ihe  wheels  of  life  would  be  never  deposited  where   carlila««    was 

cloggedwith  eKCremenlitiousmatler.the  wanted-  bde  is  never  eleminated  where 

removal  of  which  is  as  necessary  lo  ex-  saliva  should  be  formed.    Each  tissue 

istence  as  the  deposition  of  nutrient  par-  is  deposited  in  its  proper  place;  and  not 

jicles.     To   eiiter   at   present,  however,  only  in  lis  proper  place,  btil  in  its  pro- 

inlo  subjects  of  such  ejlent  would  be  per  time ;  and  not  only  in  its  projier 

irrelevant.     Some   of   them   will  soon  lime,  but  also   in   its  proper  qivanlily. 

come  before  us  in  a  specific  form,  and  When  a  bone  is  broken,  osseous  matter 

others  will  be  noticed  with  more  advan-  is  immediately  thrown  into  the  fracture 

tnge  in  another   place.    A   few  general  by   Ihe  vessels  of  the  part.      Wiien  a 

observations  will   be   sufficient   to   es-  nerve    is   divided,    nervous    mailer    i* 

tabliah   their  importance,   and   also  to  brought  lo   the  divided  orcan.  and  the 

shewthe  iolimale  connexion  which  Ihe  nerve  is  healed.     When  cuticle  has  been 

circulation  has  with  every  olher  animal  destroyed,  a  new  layer  of  skin  is  in- 

funclion.  slanlly  substituted.     And  when  a  piece 
The  anxiety  which  nature  cxhihita  to    of  flesh  has  lieen  cut  out,  (p'anulaimns 

supply  every  organ  and  tissue  with  «uf-  insUntly  arise,  and  fill  up  the  cavity 

ficifnt  nutriment,  is  apparent  in  the  which  had  been  formed.  But  no  sooner 
minute  distribulion  of  the  blood  vessels,  has  (he  bone  imited.  Ihan  the  influx  of 
There  is  no  part  so  small  as  lo  he  over-  ossilic  particles  ceases  ;  and  the  moment 
looked,  and  no  member  so  large  us  not  that  granulation  has  raised  llie  wounded 
to  be  abundantly  supulied.  There  is  no  part  to  a  level  with  Ihe  surface,  the 
'exiure  so  imptnelrable,  which  is  not  tra-    depoiition  of  muscular  fibre  stops,  and 
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the  formation  of  sWn  begins.  Did  tha  tjon  will  cease ;  destroy  digestion,  and 
production  of  slcin  commence  before  the  circulation  will  cease ;  and  let  respi- 
granulation  had  filled  up  the  cavity,  ration  be  arrested,  and  both  of  the  other 
deformity  would  be  the  consequence ;  processes  will  soon  be  at  a  stand.  Chyle 
or.  did  granulation  continue  after  the  is  not  more  necessary  for  the  formation 
iMviiy  had  been  filled  up.  the  formation  of  blood,  than  air  is  for  its  purification ; 
of  skin  would  be  prevented.  Granu-  and  venous  or  deteriorated  blood  is  as 
lation  continues,  therefore,  as  long  as  it  useless  to  the  general  system  as  chyle, 
is  required,  and  ceases  when  its  conti-  before  it  has  been  subjected  to  the  in- 
nuance  would  be  hurtful,  and  the  secre-  fluence  of  the  air.  The  lungs  may  thus 
tion  of  skin  begins  only  when  the  other  be  regarded  as  a  second  stomach,  and 
process  has  been  completed,  an4  termi-  respiration  as  a  second  digestive  func- 
nates  as  soon  as  the  part  is  perfect.  tion.  When  food  enters  the  stomach. 
Among  the  many  objects  contfm-  its  nutrient  particles  are  separated  from 
plated  in  the  circulation  of  the  blood,  the  crude  mass  and  converted  into  chyle, 
one  of  the  most  important  is  its  purifi-  When  air  enters  the  lungs,  its  vital  pro- 
cation  in  the  lungs.  It  has  been  al-  perties  are  separated  ^r  the  purification 
ready  shewn  that  in  birds  and  the  oftheblqpd.  The  nutritious  ingredients 
mammalia,  a  second  heart  is  added  to  of  both  substances  are  extracted  and 
the  ordinary  circulating  system  of  cold-  made  subservient  to  the  purposes  of  life, 
blooded  ammals,  for  the  specific  purpose  and  their  residue  principles  are  expellea 
of  enabling  the  blood  to  undertake  a  as  useless  and  hurtful.  The  stomach 
second  circulation  through  the  lungs,  digests  food,  the  lungs  digest  air.  Diges- 
previously  to  its  distribution  throughout  tion  is  necessary  tp  form  chyle,  and  res- 
thebody.  This  lesser  circulation  in  man  piration  is  nepessiMry  to  convert  that 
is  as  constant  and  as  necessary  as  the  ehyle  into  vital  fluid ;  so  that  the  proper 
first ;  and  the  objects  which  it  aocomr  ammalization  of  our  food  is  completed 
plishet  are  of  the  yery  same  nature  with  in  the  lungs,  and  not  in  thp  stomach, 
those  attained  by  the  general  circulation*  '*  To  breathe  and  to  eat  **  are  expres« 
During  the  passage  of  the  blood  through  sions,  therefore,  more  synonymous  than 
the  body,  nutritious  matter  is  thrown  at  first  view  they  may  appear ;  and  "  tq 
out,  and  fisAiSfi  matter  is  taken  m  }  solids  expire  and  to  die  '*  have  been  long  known 
are  fonned,  fmd  ^ttjds  arfi  gemmated :  as  different  modes  of  communicating  the 
and  durinff  its   pasfage  woiu^   the  same  idea. 

lungs,  vi^I  properti^  which  it  had  lost  The  intimate  connection  between  diges- 

are  received,    tod    noi^iouii    qualities  tion  and  respiration  is  still  more  strongly 

which  it  had  oontf^^A  are  removed,  shown  by  the  fact  that  in  many  animals. 

Secretion  and  nutrition  are  thus  per-  of  which  the  simple  structure  isincom- 

formed  by  l)Oth  circulations ;  but  before  patible  with  complex  function,  the  same 

the  nature  and  extent  of  the  changes  organ  is  made  to  serve  both  as  a  diges- 

which  the  blood  experiences  bv  respi-  tive  and  a  respiratory  apparatus.  In  the 

ration  can  be  duly  estimated,  the  ana-  lowest  forms  of  sopphytes,  the  skin  both 

tomy  and  theory  of  this  function  mutft  respucs  and  digests, — inhales  both  air 

be  understood.  ana  water.    In  manv  insects,  a  portion 

of  the  intestinal  canal  performs  the  office 

■  of  lungs;   and  in  some  the  intestine 

opens  into  the  respiratory  cavity.    Even 

Qif  RisPiRATiow.  w  W«?  i*  is  certain  that  the  skin  is  a 

E>reathii^  and  an  absorbing  organ ;  and 

It    has  been  already   observed,    that  calculations  have  been  made  by  physio- 

wherever  there  is  an  organ  appropriated  logists  relative  to  the  quantity  of  air  it 

to  the  function  of  digesiiQU,  there  must  expiresandofwater  it  inhales,  throughout 

be    some   kind  of   circulating  system  the  day.      Finding,  then,  that  the  same 

for  conveying  the   digested  nutriment  texturewhich  forms  blood  can  also  purify 

where  it  is  required.    In  like  manner,  it;  and  having  seen,whenonthe  subject 

wherever  there  are  organs  appropriated  of  the  circulation,  that  the  dorsal  vessels 

to  the  purposes  of  the  circulation,  th^re  of  insects  might  be  considered,  with  as 

must  be  a  respiratory  apparatus  for  re-  much  propriety,  an  intestinal  canal  as 

novating  the  blood,  as  it  deteriorates  in  the  first  rudiment  of  a  circulating  system, 

its  passage  through  the  body.    These  it  is  natural  to  expect  that  there  should 

three  functions  are  inseparably  con*  be  as  great  a  variety  in  the  structure  of 

liec^    Stop  the  circulaticm,  and  d^gn*  tha  resi»ratory  apparatus  as  in  the  ma- 
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chinwy  of  'the  digestive  and  circuUtitu' 
tUnctiotu,  and  that  Ibe  steps  by  nliich 
it  rises  to  its  most  perfect  state  should 
be  analogou!!. 

The  habits  of  diferent  aniniala  are 
so  varied,  and  the  elements  which  they 
inhabit  so  opposite,  that  to  support  a 
function  so  universal  as  that  of  respira- 
tion, and  for  the  efficient  discharge  of 
vrhich  a  constant  supply  of  lur  is  neces- 
sary, requires  a  nKchaniam  difficult 
of  contrivanceL  Animals  which  live 
in  water  cannot  breathe  by  the  same 
organs  as  those  which  live  in  air;  and 
worms,  which  lie  buried  in  the  bowels  of 
the  earth,  must  exercise  a  very  different 
function  from  birds, which  respire  inele- 
Tated  r^ona  of  the  atmosphere.  Nature 
has  accordingly  adapted  her  form  of  ap- 
paratus to  the  necesnties  of  the  animal, 
and  the  success  with  which  this  adapta- 
tion has  been  made  will  be  abundantly 
apparent  as  we  proceed. 

In  some  creatures,  whose  simple  sys- 
tems retguire  little  nourishment  and  ad~ 
mit  of  hlUe  expenditure,  this  funclion 
is  exceedingly  hmited,  and  no  specific 
organ  is  set  apart  for  its  performance. 
In  the  hifdalid,  for  example,  which  is 
merely  an  animal  bag  filled  with  fiuid, 
respiration  is  conducted  as  it  is  in  the 
vegetable,  by  the  surface  of  the  skin ; 
and  in  zoophytes  generally  the  blood  is 
aerated  by  the  same  organ  which  ab- 
sorbs the  nutriment  out  of  which  it  is 
made.  In  such  beings  the  best  classes 
have  as  yet  tailed  lo  discover  a  distinct 
respiratory  apparatus;  and,  therefore, 
some  have  concluded  that  thev  do  not 
respire.  But  when  the  air  with  which 
they  have  been  for  some  time  surround- 
ed, is  examined,  it  exhibits  those  altera- 
tions in  its  properties  which  respiration 
is  known  to  make;  and  when  they  are 
immersed  in  fluids,  from  which  all  air 
has  been  expelled  by  boiling,  they  lan- 
guish and  die.  Although,  therefore, 
there  be  every  reason  to  believe  that 
the  skin,  even  in  (he  most  perfect  sys- 
tems, has  some  community  of  office 
with  the  lungs,  respiration  by  the  skin 
must  be  regarded  as  the  first  and  lowest 
form  of  tins  function.  And  when  it  is 
considered  that  the  majority  of  such 
creatures  as  respire  in  this  way  are  in- 
habitants of  water,  it  will  be  evident,  as 
well  fi-om  the  inconvenience  of  the  me- 
dium as  from  the  imperfection  of  the 
apparatus,  that  in  them  little  air  is 
necessary  for  the  purposes  of  life. 

When  we  ascend  another  step  how- 
-"T  JO  (he  scale  of  being,  tluB  lunc- 


air  is  no  longer  con&ned  in  its  action  to 
the  surface ;  it  has  access  to  eveiy  part 
of  the  body  by  means  of  air-f  ulies,  culed 
trachete,  which  are  not  unlike  arteries  in 
form  and  distribution  (/g.  61.)  Thtj 
circulate  air  as  the  arteries  do  blood; 
they  send  branches  into  every    part ; 


and  they  open  upon  the  eztemal  sur- 
face by  apertures,  called  ttigwiata,  (^. 
62,  and  Jig.  63,)  whu^  are  differenlTy 

Fig.  6'2. 


The  MirrDMDpie  ten 


formed,  and  exhibit  great  variety  in 
their  number.  In  grasthopptrt  Ihey 
conaaV  oC  fissures  formed  of  an  anterior 


bentath   the  surface  of  water,  respire, 
'~    by    branckice,  or    gilU    {fig,  64.) 
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and  'posterior  lip,  which  being  sur-  encompasied  with  an  air-bubble,  it  is 
rounded  by  muscular  fibres,  can  close  or  compensated  fbr  the  want  of  it  by  having 
open  at  pleasure.  In  the  wiUoaeater-  respiratory  tul)es  near  the  anus  inihe 
jnUar  thejr  are  circular,  and  in  the  form  of  long  bristles,  through  which  it 
larva  ct  the  cockchafer  ihey  are  guard-  can  obtain  air  from  the  surface  of  the 
cd  by  a  cribriform  membrane,  through    water. 

small  apertures  in  which  the  air  is  ad-  The  ordinary  method  in  which  aquatic 
mitted.    Since  there  is  no  texture  or    animals,  that  have  to  remain  conslanlly 

organ  from  which  these  air-vessels  are    k«.„(».  tk»  _ — t «  — .-_ ;_/ 

excluded,  not  even  the  membranes  com- 
posing their  own  trunks,  the  bodies  of 
such  insects  as  breathe  by  trachea 
may  be  looked  upon  with  some  force  of 
analogy  as  little  else  than  lungs.  To 
have  set  apart  in  them  a  single  orgjan, 
large  enough  for  the  purposes  of  respua- 
tion,  and  yet  proportioned  to  the  size 
of  the  f^eneral  system,  would  have  been 
impossible.  From  the  habitudes  of  in- 
sects, it  was  much  better,  and  from  the 
peculiarities  of  their  circulation,  it  was 
much  easier,  to  send  air  to  their  blood, 
than  itwaslo  send  their  blood  to  the  air. 
In  them,  accordin^y,  the  respiratonr 
and  sanguiferous  systems  arereversei^ 
when  tlwy  are  compared  with  those 
which  obtain  in  mtui.  In  the  human 
system  it  is  the  blood  which  goes  to  be 
purified  by  the  air ;  but  in  insects  it  is 
the  air  which  goes  to  purify  the  blood. 
In  insects  the  body  is  traversed  with 
air-tubes  in  place  of  blood  vessels,  and 

their  whole  system  breathes;  -    -  ^    - 

man  the  rMpiratory  apparatus  is  limited  Crustacea  and  fishes,  t>reathe  by  | 
to  a  certain  spot,  and  the  function  is  only.  These  organs  are  very  on- 
performed  by  a  single  organ.  The  ferent  in  construction,  situation,  end 
quantity  of  air  consumed  t^  such  ani-  number.  In  the  Ihettt  they  appear  as 
mals  is  large  in  proportion  to  then*  siie;  fourteen  distinct  tufts  on  each  side  of 
and  when  the  active  habits  which  dis-  the  back.  In  ttiegltateiu  they  are  fin- 
tingnish  many  of  them  are  considered,  shaped.  In  some  they  are  disposed  in 
the  relation  between  the  extent  of  this  the  form  of  tiles,  in  others  they  are 
function  and  the  energv  of  life  can  pencils  of  small  filaments.  Sometimes 
scarcely  be  overiooked.  Insects  among  Ihey  are  situated  upon  the  external  sur- 
Ihe  culd-blooded  animals  are  what  face,  but  more  generally  they  are  found 
birds  are  among  the  hot — the  only  class  in  the  interior  of  the  body.  In  thedeco- 
which  can  fly,  and  most  of  those  among  poda  they  are  attached  to  the  base  of  the 
them  which  have  no  winjjs,  as  the  com-  feet.  In  the  branehiopoda  they  are 
monc«nfipAfc,excelin  a  vivacity  of  habit  placed  under  the  tail  and  fins,  and  in  the 
and  tenacity  of  life.  Several  species  of  eepkalopoda  they  are  enclosed  within  a 
this  class,  which  are  obhged  to  breathe  bag,  which  communicates  externally  by 
under  water,  and  yet  are  funusbed  with  a  funnel-shaped  aperture  upon  the  neck, 
tracheffi,  manan  it  by  a  very  simple  This  bag  is  muscular,  and  can  be  filled 
contrivance.  In  consequence  of  uie  and  emptied  as  fi'esh  water  is  required 
glutinous  matter  with  which  the  hair  for  the  branchiae.  In  the  aphrodite 
upon  their  skin  is  covered,  the  watn  is  aeuUata  their  number  amounts  to  forty 
prevented  from  coming  into  contact  with  pairs ;  the  tambrieut  marinui  has  four- 
their  surface  ;  so  that  they  literally  teen  pairs,  which  occupy  the  middle  of 
breathe  within  an  air-bubble,  and  swim  the  back ;  and  in  the  ttpite  there  are 
in  a  kind  of  natural  diving-bell.  The  two  only,  one  on  each  side  of  the  peri- 
laiter-tpider  and  waier-beHU  belong  to    toneal  sac. 

thiadesmption  of  insects.  Thenspoia  IIib  branchiv  in7t«Aste£e«U.>i&)ji^^«v 
also  an  aqualio  iniect,  but  not  beiiig   «Mh  lido  <A  ttva  nenV,  vcA  Vk\«..  ^^«^ 


t  in    Many   insect*    and    worms,    all    the 


so 
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cominunicKtiannKVilhaaiDulh.ofwhicb  stronirV  impineed  agMnst  the  cotts  of 
thejmty  be  can»iders4  u  forming  tha  the  blood-vessels,  m^y  more  cettvnijr 
back  part.  They  are  compoKd  af  la-  act  upon  the  blood  which  they  contain. 
ininKi,  fixed  by  their  hue  to  the  convex  Three  different  types  uf  the  respiratory 
aides  of  cartilaginous  v^hes,  but  free  function  have  now  been  noticed.  la 
and  unattached  at  their  superior  extre-  zoophytes  and  a  few  species  of  wonm, 
inity.  These  lamina  are  IouKi  narrow,  the  external  skin  is  the  only  breathing 
and  pointed,  and  »et  so  clos^y  to  each  organ.  A  very  Urge  proportion  of  in- 
other  that  Ihey  resemble  the  barbs  of  a  seels  respire  by  tracheae,  or  air-vessels, 
feather,  or  the  teeth  of  t  comb   (Jig.  and  aquatic  animals  breathe  by  a 


The    pulmonary    arteiy. 


of  liranchis,  (ir  eille:  The  next  decided 
step,  which  is  taken  towards  the  esti- 
bliihnient  of  a  more  perfect  function, 
is  the  introduction  of  iMdies  called  buwt, 
which  are  membranous  haga,  divided 
into  cells,  and  adapted  for  containing 
air  and  blood. 

But  between  this  and  the  preceding 
forms  a  few  animals  are  found,  whose 
respiratory  apparatus  maybe  meotianed 
as  the  connectmg  link.  Theae  are  poi- 
setsed  of  a  double  set  of  tvealbing 
organs — branchis  and  lung«.  By  tlie 
former  they  ore  connected  with  fiEhet, 
inaectt,  and  worms,  and  by  the  latter, 
with  mammalia,  birds,  and  reptiles.  In 
the  firm  there  are  tliree  tufts,  or  brnn- 
chitB,  on  each  side  of  as  many  vertical 
■lipi  placed  in  succession  beiiind  the 
head,  and  Ihrouxh  which  water  recnved 
by  the  mouth  is  rorcibly  discharged.  In 
^'''i^l'gnyh™lt,ft,^Tt^T"hTt'^o"hM°l  ""^  proteut  there  are  likewise  three 
l.iiimoMryirifty.-hjrt'toiiV.fniiiiie  WmJ  bianthifB  of  a  dee])-red  colour,  which 
CrDm  ibt  h»Ti  iDthegiilt.  opi;!,  i,y  ihree   distinct  apertures  uiion 

which  rises  from  the  ventricle  of  the  'he  sides  of  the  skull.  But  in  both  siren 
heart  in  fishes,  is  spent  upon  the  gills  and  proteus  there  are,  besides  thrse 
(/g.  &i,  t,  e,  C-)  EHch  pair  of  lammae  aquatic  organs,  two  cylindrical  baas 
receive  n.  branch  from  it,  which  ascends  situated  in  the  abdomen,  which  act  the 
along  their  internal  edge,  givingoffmany  part  of  lunL's.  Each  of  these  bags  c^n- 
lateral  branches  as  it  proceeds.  When  sisis  of  a  single  cavity,  internally  lined 
it  reaches  the  apex  it  pours  its  blood  with  a  very  vascular  membrane,  and 
into  returning  vessels,  which  unite  after  communicating  with  the  external  aii  l>y 
Ihey  leavetbe  gills  and  form  the  aorta,  by  an  air-pipe  or  trachea,  which  opens  ujhjh 
which  the  rest  of  the  body  is  supplied,  the  surface  between  two  rounded  m.ir- 
Puling  this  circulation  of  the  blood  upon  gins.  The  kutpolet  of  frogs,  toads,  and 
the  gills,  the  required  alterations  are  salamanders  exhibit  a  similar  union  oi 
effected,  and  the  use  of  these  laminee  is    respiratory  organs 


to  afford  a  sufficient  surface  (or  the  play 
of  vessels,  that  tlie  air  contained  within 
the  water  which  Ihe  fishes  swallow, 
(in  order  to  drive  it  among  the  bran- 
chiBt,)may  act  upon  the  largest  quantity 
„f  I.I.,,.!  ,.,j,ji  jhe  greatest  possible  ad- 


of  blood  » 


These  creatures,  thus  analomically 
allied  to  aquatic  and  aerial  beings,  are 
called  tttnphibioui ;  because  being  pos- 
sessed of  both  gills  and  lungs,  they  can 
respire  equally  well  in  air  and  water,  as 
may  require.     Inaddilio 


vantaae.     The  extent   of   surface   thus  to  these  many  other  species  have  beti 

obtained  is  very  great.     Monroe  liascal-  very    generally  esteemed    ampiiibious; 

culatrd  that  in  Ihe  gills  of  the  tkate  it  as,  fur  example,  otters,  sealt,/ro^s,   and 

is    nearly   equal  to  the  whole  external  lixardt,  but  it  is  now  ascertuined  Hut 

surface  of  the  humim  body,  ot  to  more  they  can   breathe   air   only,    and   when 

than  fifteen    square   feet.      Along   this  they  descend  into  water,  do   so  merely 

vascular  surface  the  water  is  made  to  for  the  sake  of  procuring   food.     Biu- 

play  with  considerable  force,  that  the'  meobach    observes  that    icater-ntwU, 

air  suspended    in  it,    by  being    more  vrlien  placed  in  a  deep  vessel  tided  v>iii) 
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>^ 


water,  ire  wen  to  me  frequentlj  into  lungi  are  compantaild  af  moderate  liie, 
theeir  in  order  fo  brL-athe;  and  it  ii  butamplysuppliedwithblood.  Thelung* 
well  known  to  fisliermen  that  furllai  of  reptiles,  liowever,  are  large,  floating. 
Dmnnot  continue  beneath  the  surface  for  and  unconlinGd  amonir  the  viicera  of 
the  Btidomen  ;  divided  into  few  pelU,  and 


Dtily  furnished  with  vital  fluid  (fy 
66,/,/.}    This  diCTerenae  of  respiratory 


b  I  #,'  ■>!■  llUHtiiiei  ill,  thXani 
appintuf  bet««i)i  reptilei  and  wsrm- 


..^ a  inspire  air  alone,  and  can,  Ihere- 

mt,  only  t>reathe  with  lunj^.  TheK 
organs  ara.  however,  at  first  very  simply 
conttructed.  fn  place  of  conswting  of 
ft  frreat  number  of  cells,  connected  to- 
gether hy  cellular  substance,  and  eo- 
cloaed  nithin  one  common  envelope,  aa 
they  appear  in  the  Mammalia,  thej[  are 
merely  Wf^  baf^s  or  sacs,  lined  with  a 
very  vascular  membrane,  into  which 
air  is  alternately  admitted  and  expelled 
throu);h  a  trachea,  or  air  tube,  which 
communicates  with  Ihe  mouth.  In  the 
apkidia  this  air-lube  opens  into  the 
bnK  ^y  '  single  orifice.  In  the  croco- 
dile it  divides  into  bronchi  before 
reaching  the  lung;  and  in  the  turth 
each  bronchus  penetrates  (he  substance 
of  the  lung  to  its  remotest  point. 

II  has  lieen  already  stated,  that  in  Ihe 
egfAalopoda  the  branchie  are  enclosed 
in  aba^,  very  similar  to  this  pulmonary 
■ac.  or  Tudimental  lung ;  and  that  in  the 
flr«n  the  branchin  and  the  bag  are 
separated,  and  placed  in  different  ptrta 

ofthebody.    Here  the  branchin  are  en-  ^_     _.,_   ._,     _ .. 

tirely  removed,  and  the  bag  alone  re-  btnoded  afiiiqals  is  partly  acoaunted 
mains;  80  that  the  steps  are  ibn  but  for  br  the  difference  of  their  circulating 
obvious,  by  which  organization  rises  to  functiopi.  \a  the  latter  all  the  bipod 
maturity.  The  lung  of  a  mlamimder  muit  be  puwd  Ihrouah  the  lungs,  and 
is  exactly  like  the  branchial  bag  of  the  muat  be  purified  by  the  air  befiire  it  can 
cephalopoda,  after  the  branchi»  have  cireulaie  ttiraugh  the  tiody:  while  in  the 
been  removed.  Id  the  colubet  nalrix  fonnei  not  more  than  one-third  requires 
the  same  structure  is  preserved,  with  to  be  lut^ected  tp  such  an  ordeal, 
this  exception,  that  the  bag  is  lat|(er  in  Before  leavins  the  subject  of  ruipira- 
proportion.  and  that  the  internal  surface  tion  among  ooM-blooded  animals,  we 
of  lis  anterior  half  is  t^eautifuUy  reticu-  cannot  refrain  from  a  few  reiparkt  upon 
lated  like  the  inlerior  of  the  second  tto-  the  wisdom  with  which  the  deficiencies 
mach  of  ruminating  mammalia.  Thia  of  one  fun(ttiai{  art  compeiuated  by  Ihe 
appearance  may  be  regarded  as  the  first  ^ater  devdt^iement  Of  another.  Thus, 
Rllempt  at  Ihe  division  of  the  aao  into  in  fishes  all  {bc  Uood  naiiiea  throngh  the 
cells.  In  the  lungs  of  t,/rvg  these  cella  gills  before  it  etm{atM  trough  the  sys- 
are  very  evident,  and  in  the  lurtU  they  tem ;  while  jji  mtiln  a  porlion  oil/ >>< 
are  numerous  and  large.  Berjientt  have  sent  for  puntpatiqn  tp  tne  lun^s.  The 
only  a  single  sac  or  lung,  which  extends  influence  of  thesedif^uant  arrangements, 
from  the  (Biophngue  to  the  lower  mar-  however,  upon  the  blood  is  not  so  great 
gin  of  the  liver ;  the  ei'ren  JoMrinia  haa  as  at  flrat  view  might  be  imagined. 
two,  which  stretch  to  the  end  of  the  al»-  These  two  classes  of  beings  inhabit  very 
dominal  cavity,  and  in  the  tameleon  they  different  elements.  The  skate  breathes 
are  so  large,  that  this  creature  can,  tr/  in  water,  the  frog  breathes  in  air ;  the 
inflating  them,  swell  itself  up  to  an  blood  of  the  one  is  freely  exposed  to  tlie 
amazing  size.  Reptiles,  in  this  respect,  purifying  principle,  that  of  the  other  is 
differ  from  all  other  animals.  In  biida  acted  upon  tiy  it  only  through  the  in- 
and  the  mammalia  the  ur-eells  of  the  strumenlality  of  an  inconvenient  me- 
hingi  are  small  but  numerous,  and  well  dium.  While,  therefore,  only  a  portion 
adapted  for  the  reception  of  air ;  their    of  the  blood  in  reptilet  can  be  purified 
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during  each  cireulatuii,  neing  that  a  quantity  of  air  was   iadiroensable.-- 

portion  only  is  exposed  to  the  purifying  Means  have  been  accordingly  em[dofed 

principle,  the  blood  in  fishes  can  a]io  be  for  the  attainment  of  these  orjeeta. 

only  partially  purified  during  each  circu-  To  prevent  the  inconveniences  of  mo- 

lalion,  since  tt  is  exposed  to  a  medium  tion,  tne  lungs  are  not  free,  but  fixed; 

which  is  only  partially  qualified  for  that  not  allowed  to  float  without  restraint 

purpose.   In  the  one  case  there  is  an  im-  in  the  cavity  of  the  chest,  but  niched 

perfect  circulation,  in  the  other  an  im-  down  between  Ibc  ribs  on  each  side 


perfect  respiration ;  and  since  it  must  he 
a  matter  of  lillle  moment  whether  ten 
ounces  of  blood  be  only  half  porified, 
or  the  half  of  ten  ounces  be  wholly  pu- 
rified, the;  ultimate  effect  of  this  dif- 
ference of  arrangement  in  these  different 
animals  must  be  very  much  the  ; 


of  the  dorsal  spine.  And  to  < 
the  full  arterializalion  of  the  blood, 
without  interfering  with  the  natunl 
habits  of  the  animal,  air  is  allowed  to 
eveij  organ,  and  respiration  u  carried 
on  in  every  part.  In  addition  to  two 
solid    and    fleshy    lungs,    which 


The  perfection  of  the  medium  in  which  firmly  fastened  down  between  the  inter- 
reptiles  live  compensates  for  Iheir  pul-  costal  spaces  in  the  back  pari  of  the 
monary  circulation  being  partial ;  and  chest,  there  are  sacs  or  bags  of  con- 
tlic  complete  pulmonaiy  cut:ulation  of  uderable  size,  not  unlike  the  lung  of  a 
fish  compensates  for  their  imperfect  me-  salamander,  scattered  over  the  other 
diiim.  Both  classes  of  animals  circulate  viscera  of  the  abdomen,  which  commu- 
hlood  alike  cold,  and  execute  functions  nicate  with  the  lungs  and  with  each 
alike  tardy.  other,  are  formed  to  contain  air,  and  fill 

The  respiral ton  of  ii'n/t is  distinguished  and  empty  as  the  bird  insjurei  or  ex- 
by  many  interesting  peculiarities,  tflg.    hales.      Similar   air-cells  exist  exter- 

"-    " •■•■--  ■    ■■        '     — "  -  ■- "--  -nusdes;  the  bones 

the  mammalia  con- 
tain marrow,  are  in  birds  filled  with 
air ;  and  it  is  a  remarkable  fact,  that  the 
quantity  of  air  which  they  individually 
contain  is  proportioned  to  the  influence 
which  they  exert  on  the  loco-motion  of 
the  body.  Thus,  in  the  eagle  and  other 
biids  or  flight,  the  bones  which  support 
thewmgs  are  filled  wiih  air;  while  in 
such  as  the  puffin,  whose  wings  are  un- 
equal to  any  lengthened  flight,  or  the 
ostrich  which  prefers  to  run,  air-cells 
are  found  in  greatest  numbers  within 
the  bones  of  the  leg  and  thigh. 

1  he  manner  in  which  these  pneumatic 
cavities  communicate  with  the  proper 
lungs  of  the  bird,  is  veiy  simple.  When 
the  trachea  enters  the  lungs,  it  divides 
into  many  branches.    Some  of  these  are 
wholly  expended  upon  the  texture  of 
these  organs,  while  others,  without  giv- 
ing off  any  branches   in   Iheir  course, 
Jiroceed  directly  to  the  surface  of  the 
ung,  upon  which  they  terminate  by  open 
mouths      These  air-holes,  or  branchial 
ri    b   (\,t  ,ta-     apertures,  are  covered  by  some  of  the 
.™b)»\«'bi"    wr  cells    which    surround    the   lungs; 
mooiuti  win     these  air-cells  open  into  others,  and  thus 
,     -,  "   free   intercourse   is  established  wilh 

gans  for  the  purposes  of  flight.  Ihe  loose  every  part  of  the  system  ;  so  that  tiie 
and  ponderous  lungs  of  reptiles  would  air  whichentera  the  lunasbythetrachea 
nave  been  hiijhly  mcommodious ;  and  from  the  fauces,  can  pass  out  of  them 
possessed  of  a  double  heart  for  conduct-  through  the  air-holes  upon  their  surface 
a  double  cu-culation,  such  a  respira-  into  the  air-cells,  whether  they  lie  within 
apparatus  as  could  expose  a  suf-  the  bones,  among  the  muscles,  or  in  the 
Huantity  of  blood  to  a  sufficient    abdomen. 


wim 


torv  I 
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The  beauty  of  this' contrivance' ii 
equalled  only  by  its  importEince.  lode- 
pendentlyof  aperfect  supply  of  air  being 
thus  furnished  at  all  seasons,  for  the 
pmposei  of  respiration,  without  any  in- 
convenience to  the  general  system,  the 
relative  weight  ol  the  body  is  materially 
diminished,  the  difficulty  of  breathing  in 
a  ven  rarified  atmosphere  is  counter- 
actecf,  and  the  necesaity  of  a  frequent 
respiration  during  rapid  flight  may  be 
dispensed  with.  It  is  also  probable,  that 
v«hile  on  vring,  birds  can  nse  or  fall  at 
pleasure,  by  fiUinz  or  emptying  their 
air-cells,  as  fishes  do  by  inflating  or  col- 
lapsing Iheir  air-bladder,  and  it  has  been 
conjectured  by  Mr.  Hunter,  that  these 
cells  are  in  some  degree  connected  with 
their  musical  tacuUy. 

latiie  mammalia,  this  function  attains 
its  most  perfect  slate.  Into  the  con- 
struction of  their  pulmonary  system 
every  anatomical  and  physiological  ad- 
vantage has  been  introduced  ichieh  could 
render  it  complete ;  the  superior  mecha- 
nism of  their  lungs,  the  number  of  their 
air-cells,  the  minuteness  of  their  blood- 
vessels, their  position  within  a  case 
which  can  contract  and  dilate  at  plea- 
■UTt,  and  the  variety  of  means  which  are 
employed  to  fill  and  empty  them  with 
air,  while  they  themselves  continue  pas- 
sive,— these  and  many  other  circum- 
■lanees,  vihich  will  hereafter  receive  far- 
ther notice,  indicate  the  anxiety  which 
has  been  displayed  to  endow  this  olasa  of 
beings  with  a  respiratory  apparatus 
vrorthy  of  working  m  connection  with 
that  admirable  circulating  tiystem  which 
they  enjoy,  and  which  has  alre'ady  been 
described.  But,  without  premising  any 
additional  remarks  upon  the  respiration 
of  the  mammalia  generally,  we  shall  at 
once  proceed  to  explain  it  as  it  appears 
in  man,  and  with  this  view  shall,  in  the 
first  place,  briefly  describe  its  anatomy, 
secondly,  its  meuianism,  thirdly,  its  tlw- 
ory,  and  lastly,  its  efitcts. 

Anatomy  of  the  Pulmonary  System. 

The  thorax  or  chest  is  aconical  cavity, 
(_/^.  G8,)  the  apex  of  which  is  formed  by 
the  neck,  and  the  base  by  a  muscle  called 
the  diaphragm,  which  separates  it  from 
the  atxlDmen.  Externally  it  is  protected 
by  twne ;  on  the  front  by  the  breastbone, 
(^.68, a);  behind  by  the  spine  or  back- 
bone {Jig.  68,  b,  b),  and  on  each  side  by 
theriba  (/^.  68,  c,c,c,e.)  These  bones 
are  connected  by  ligaments  and  joints, and 
give  attachment  to  muscles  which  serve 
to  reg^iUte  tbeii  motions.    Within,  it  is 


divided  by  a  lining  membrane  called  the 
pleura  into  three  large  compartments, 
independent  of  several  smaller  and  less 
important  cavities.  In  the  largest  of 
these  is  contained  the  right  hing,  in  the 
smallest  the  heart,  and  the  left  lung  lies 
within  the  third  compartment  (fg.  7S, 
a,  b.  b.) 

AJl  the  parts  concerned,  therefore,  in 
the  respiration  of  man  may  be  airan^ 
into  three  divisions.  First,  the  bones  which 
fonn  the  respiratory  cavity ;  secondly, 
the  muscles  by  which  these  bones  are 
moved  and  ttie  size  of  the  cavity  regu- 
lated ;  and  thirdly,  the  respiratory  or- 
gans contained  within  the  cavity.  Be- 
longing to  the  first  division  are  (he  ster- 
num or  breastbone,  twelve  dorsal  ver- 
tebiK,  and  twenty-four  ribs.  Several 
pairs  of  muscles,  and  the  diaphragm, 
constitute  the  second  division ;  and  (he 
trachea,  larynx,  and  lungs  are  compre- 
hended by  the  third. 

Between  the  anterior  extremities  of 
the  ribs  and  situated  over  the  heart,  lies 
the 'temum,  or  breastbone.  (SeeJig.eB, 
a.)  It  is  a  light  and  spongy  bone,  de- 
pending principally  for  its  strength  upon 
the  numerous  ligaments  which  cover  it. 
In  the  child  it  is  divided  by  cartilaginous 
partitions  into  eight  pieces,  which,  as  life 
advances,  are  reduced  to  three,  and  in  old 
age  are  united  into  one.  Its  lower  end 
gives  rise  to  a  sharp-pointed  cartilage 
whichlies  over  the  stomach  and  may  be 
felt  externally  :  its  upper  end  is  some- 
vbat  boUoned  in  the  middle,  to  allow 
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the  trarhea  or  winjpipc  1o  pass  u 
il :  Find  on  each  side  there  are  s 
oval  depressions  for  admilline  Ihe 
liiaglnotis  extremiliea  of  (lit  tirst  s 
'"        The  cannecliORi  and    "' 


ider  Tertebr*  bang  conneefed  wiUl  the  Wo 
rvi-n  iminediateiy  adjoiniDg  it  Two  bf  these 
processes  are  situated  near  Us  opPR 
surface  to  aHicnlate  with  comsponduig 
processes    belonging   fo    tiw    lertEbn 


the  sternum  prevent  il  from  hunne  any    aboTe,  and  two  are  placed  neiU-  Hi 


surface  to  join  with  those  of  the  tettc- 
bra  beiow.  The  two  luperitx-  artin- 
lating  processes  of  one  tertdira  an 
viilearif  called  thus  Connected  trith  the  two  inferior  ar- 
,  b,  b,)  IS  com-  liculdiinc  processes  ot  another,  and 
these  points  of  uf'""  -'■'  " 


molion  of  its  OTTO  ;  11  therefore  folloiv 
lo  a  eertaihextent  Ihe  movements  of  lilt 
riiia  to  which  it  Li  arliciilaled. 

The  rpinr,  o\ 
the  iMteklione,  fflg.  68,     ...  .^    . 

Eosed  of  twenty-four  Tery  irregular  these  points  of  union  not  only  co-operalf 
ones,  which  are  separated  froim  yet  with  the  Inlerrertebrsl  cartilages  in  kerp- 
conneeied  with,  each  other  by  its  many  ina[  Iheie  two  tertebrw  top:e(lier,  but  per- 
inlemiediale  pieces  ofcarlila^.  The^e  mit  a  slight  rotatnrv  motion  of  the  one 
bones  are  called  vertebra,  and  the  iT|xm  the  other.  The  tpinout  ptorm 
tarlilages     *liich    connect     them  '"  '"    ''     """  '  "'  '"    "         "' 


ect     them     are     proiecis   diredly  backnards    from   the 

styled  from  llieir  position  intenerlebral    body  of  the  vertebra,  and  may  be  felt 

arliluges  yig,  69.)     These  twenty-four 

Fig.  69. 


ally  by  nio\ing  Ihe  finger  along 

ihe  spne ;  while  Ihe  two  tramrersf  pri- 
ernes  stand  out  on  either  side,  and  ban 
the  ends  of  the  ribs  attached  to  them. 
■"  The  rib*  {fig.  68,  c,  e;  r,  r)  are  twelfc 
Ion?,  curved  bones,  wlueh  are  joined  be- 
hind to  the  dorsal  *ertebra.and  befoie  to 
the  sternum,  or  breast  bone.  The  upper 
seven  are  called  true  ribs,  because  Iney 
are  immediately  conhected  to  the  ster- 
num ;  the  loner  fiTe,  false  ribs,  Iwcsute 
they  ere  implanted  into  each  other  by 
cartjiaeinoiis  appendages,  and  are  only 
SUp]M)r(td  bv  Ihe  sternum  l)ir'i:::;h  llie 
mefliuni  oflliose  !,!"-.,■.  Tl-i';  :ir,,-,in- 
cave  internally,  that  the  lungs  may  have 
morCKpacelo  expand;  externally  con  vc*. 
thai  their  arched  form  may  enable  ihem 
moreeS^ctually  to  resist  external  injury; 
and  they  are  attached  to  the  spine  at  an 

,      .  ..  acute  angle,  that  they  maynotte  movrd 

bra-.  The  first  seven  are  the  cenicid,  out  of  their  ordinary  position  without 
l>ecanse  they  belong  to  the  neck ;  the  enlarcing  the  dimensions  of  the  chfst, 
next  twelve  are  the  dorsal,  because  they  The  A«u/,  or  verlebralend,  of  eaohnbis 
belong  to  the  back  ;  and  the  last  five  are  so  articulated  with  the  spine,  as  to  be 
the  lumbar,  because  they  are  situated  in  fixed  upon  the  intervertebral  carlilaee. 
the  loins.  Peculiarities  of  form  as  well  as  and  is  connected  on  each  side  with  ihe 
of  situation,  distinguish  these  different  Terlebroe  which  thia  cartilage  separales. 
orders,  but  as  a  knowledge  of  the  dorsal  About  an  inch  from  this  head  there  is  a 
verlebrte  will  be  sufficient  for  out-  pur-  small  bump  upon  Ihe  back  or  convex 
pose,  Ihe  present  description  will  be  surface  oFlberib,  which  articulates  nith 
confined  lo  them.  Each  of  the  twelve  the  transverse  process  of  Ihe  vertebra 
dorsal  vertebrte  consists  of  a  body,  four  below,  and  a  little  above  this  bump  there 
ailiculaling  processes,  two  transverse  is  a  second,  to  which  strong  ligaments 
Processes,  and  one  spinous  process,  are  attached  for  Ihe  surer  connection  of 
The  bndy  is  formed  of  soft  and  spongy  the  rib  and  vettebrw.  Tlie  anterior  or 
bone,  which  is  circular  l>efiire,  flat  lo-  sternal  ends  of  Iheribs  are  not bony.but 
wards  the  sides,  hollowed  out  behind  into  cartilaginous.  The  cartilaginous  ex- 
a  trescenlic  shape  for  containing  the  spl-  tremities  of  seven  of  them  are  jointed 
nsl  marrow,  and  somewhat  concave  both  to  the  sternum  by  regular  sockets  or 
above  and  below  for  the  accommodation  small  oval  cavities,  and  Ihe  other  five 
of  the  inlervettebral  cartilage,  Siluatcd  are  implanted  into  each  other, 
laterally  on  the  body  of  the  vertebrw.are  The  motions  allowed  by  these  articu- 
the  four  arllculatirtg  prvteiia ;   each    Istions  are  limited,  but  niffictently  ex- 
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iensive  for  the  puiposes  of  respiralton,  these  muscles  are  employed  in  elevatitiff 

^hen  in  a  healthy  state.    During  in-  the  ribs  during  thft  process  of  inspi- 

spiration  the    chest  expands   for    the  ration ;  so  that  riaiure  might,  at  first 

reception  of  air,  and  during  expiratiori  sight,  appear,  itidre  iritious  to  provide 

it  contracts  to  expel  air  which  is  no  an  efficient  inspiratoiy,  than  expiratory 

longer  useful.    Two  motions,  therefore,  apparatus,    dut  this  is  hot  really  the 

are  all  that  can  be  required— an  upward  fact.    For  when  it  is  eotisidered,  that 

and  an  outward  motion.    The  distance  the  natural  condition  of  the  chest  is 

between  the  spine  and  sternum  is  in-  that  which  obtaitis  after  a  full  expira- 

creased  by  the  former,  that  between  the  tion,  it  will  be  obrious  that  the  elas- 

ribs  by  the  latter.    Now  these  two  mo-  ticity  of  the  cartilages  of  the  ribs  and 

tions,  and  only  these,  are  performed  by  of  the  ligaments,  which  Join  them  to 

the  hbs,  and  their  articulations  are  such  the  sternum  and  the  spine,  must  form 

that  they  cannot  execute  one  of  these  a  powerftil  expiratory  agent*  and  must 

moTements    without   the    other.     By  tend,  as  sodn  as  the  milsclea  of  inspi- 

their   sternal  ends  they  can  rise    and  ration  have  relaxed,  to  reduce  the  chest 

fall,  because  the  sternum,  into  which  to  its  natural  states    The  bones,  which 

they  are  articulated,  is  a  moveable  bone,  form  th^  walls  of  the  ehestj  and  the 

and  depends  for  its  movements  upon  muscles,  which  cover  these  bones,  may 

the  motions  of  the  ribs ;  and  by  theit  thus  be  regarded  as  antagonizing  powers, 

vertebral  ends  they  can  move  outwards  The  first   are  oimns  of  expihition  in 

as  their  stehial  ends  rise.    But  their  virtue  of  theit^  pnysieal   edtinections ; 

sternal   ends  cannot  rise  unless  their  the  last  are  organs  pf  inspiration  in 

vertebral  ends  rise  also ;  and  their  ver-  virtue  of  their  specific  action.    When 

tebral  ends  cannot  rise  without  pushing  the  ribft  are  permitted  to  follow  their 

the  sternum  out,  and  thus  increasing  the  natural  tendency  thev  fall ;  but  when 

short   axis  of  the  chest  in  every  di-  the  intercostales  are  allowed  to  act  they 

rection.    Had  they  been  articulated  at  rise.    Natural  position  secures  the  one 

right  anffles  with  the  spine,  the  size  of  state,  vital  action  the  other, 
the  chest  must  have  l>een  diminished.        There  is  ttill,  however,  another  way 

whether  they  rose  or  fell    But  as  their  in  which  th^  dimensions  of  the  chest 

cblique  position  is  their  natural  state,  might  be  further  modified.    When  the 

they  cannot  rise  without  moving  out-  riba  are  elevated,  the  distance  between 

wards,  and  they  cannot  move  outwards  the   spine  and  sternum  is  increased ; 

without  increasing  the  capacity  of  the  when  depressed,  it  is  diminished ;  but 

thorax.     During  inspiration,  therefore,  we  have  as   yet   seen  no  mechanism 

the  chest  must  he  expanded,  and  during  which  can  alter  its  long  diameter,  which 

expiration  it  must  contract ;  and  these  can  either  extend  or  abridge  the  distance 

tre  the  two  conditions  required.  between  its  base  and  apex.    This  brings 

All  the  mtisdei  which   surround  or  us  to  the  Diaphragm  {Jig,  7{)^  a),  a 

tre  in  any  way  connected  with  the  Iranes  muscle  of  much  greater  importance  than 

which  have  been  now  described,  do  oc-  any  yet  descril^d ;    which,  toeing  pe- 

easionally  contribute  in    assistins^  the  culiartothemammalia,  distinguishes  the 

function  of  the  lungs.    Haller  informs  respiration  of   that  class    from  every 

us  that,  while  labouring  under  rheu-  other ;  and  which  is  so  situated  as  to 

natism  of  the  large  muscles  of   the  divide  the  interior  of  the  body  into  two 

chest,  his  respiration  was  difficult ;  and  parts — ^the  chest  and  the  abdomen, 
it  must  have  been  observed  by  every        The  diaphragm  is  generally  spoken  of 

one,  how  the  arms  are  fixed  and  the  as  composed  of  a  central  tendon  and  two 

shoulders  raised,  when  our  object  is  to  muscles ;  the  greater  of  which  arises 

procure  a  very  full  inspiration.    But  fi-om  the  inside  of  the  breastbone  and 

ttie  muscles  more  especially  intended  for  cartilages   of  the  false  ribs,  and  the 

reitpiratoiT    organs    are    the     Serrati  lesser  from  the  vertebrse  of  the  loins. 

PoMtici,   Triangularis  Stemi,  Intercoi"  But  it  is  more  simple  to  view  it  as  a 

taleM,  and  Levator e$    Costarum,    The  single  muscle,  which  is  fleshy  at  the 

origins  and  insertions  of  these  muscles  circumference,  and    tendinous    at   the 

a  general  reader  would  feel  little  interest  centre ;  as  arising  from  the  ribs  above, 

in  perusing,  their  actions  only  it  is  his  and  from  the  spine  below ;  and  as  hav- 

business  to    understand.     It  may  be  ins^  the  fibres  issuing  from  these  two 

sufficient,  therefore,   to    observe  that,  ongms  inserted  into  a  tendon,  which^ 

with  the  exception  of  two,— one  of  the  from  its  useaiid^\V\wv,  \atm'& '»^\^eat 

Serrati  and  the  Triai]gTiJaris8tenMr-«U  common  ccntte.    TVaa  \«»2eVri5v%5^ 
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abdomen,    uvl    convex    towird*  Uk 

chtbl  ?  Wliy  should  it,  in  oppoiilionln 
ail  other  muscles,  be  tendinous  in  (he 
cenlre.  and  fleshy  at  fhecircuiiif«T«iiee? 
And.  finally,  why  should  its  sides  be 
left  tree  and  floating,  while  its  middle 
is  firmly  bound  to  the  pericardium  ? 
Nature  seldom  shews  any  marks  ol 
peculiar  design,  without  having  some 
jieculiar  design  in  view  ;  nor  does  she 
deviate  from  her  general  plan,  wilhaul 
having  something:  to  accomplish  which 
a.  particular  orrangement  only  could 
effect.  Had  the  diaphragm  been  passed 
directly  across  the  body  rrom  the  ster- 
num to  the  spine,  that  is,  had  it  assumed 
the  form  of  a  transverse  plane,  its  mo- 
tions could  not  have  had  such  an  in- 
fluence upon  the  dimensions  of  the 
chest,  as  they  have  since  it  is  ■diced 
obliquely.  When  it  contracls  during 
inspiration,  a  considerable  portion  of 
the  abdomen  is,  as  it  were,  thrown  into 
the  chest ;  and  when  it  relaxes  durins 
expiration,  a  considerable  portion  of 
the  chest  is  again  made  abdomen.  But 
hail  the  wings  of  the  diaphragm  been 
concave  towards  the  chest,  the  space 
Rained  by  their  contraction  mould  have 
been  taUen  from  the  cheit,  and  given  to 
the  abdomen ;  the  very  reverse  of  what 
was  required.  Again,  had  not  the 
centre  of  the  diaphragm  been  tendinous, 
the  vena  cava  and  oesophagus,  which 
pass  through  it,  must  have   been  com- 

^l^e$sed  whenever  it  contracted;  and 
lad  not  that  centre  been  fixed,  a  muscle 
of  such  siie  and  range  of  movement  as 
chest,  and  also  to  the  cesophagus  from  the  diaphragm,  could  not  have  worked 
the  chest  into  the  abdomen.  It  is  wilh  any  certainly  or  effect.  Besides, 
firmly  attached  to'  tlie  pericardium  ;  so  as  the  lungs  we  placed  in  the  laleril 
that  the  centre  of  the  dlnphriigm  being  cavities  of  the  chest,  and  the  heart  oc- 
fixed,  motion  must  be  limited  to  its  copies  the  centre,  the  lateral  portions  of 
fleshy  sides;  and  fi-om  the  nature  of  t lie  diaphragm  only  could  inBuencethe 
their  origin  it  may  be  interred,  that  these  siie  of  tlie  respiratory  organs ;  so  Itial 
muscular  wings  are  concave  towards  it  had  been,  in  one  sense  injurious,  and 
the  abdomen,  and  convex  towards  Ihe  in  every  sense  useless  to  have  endowed 
chest.  its  centre  with  muscularity.    The  pn- 

As  it  is  by  means  of  this  muscle  that  silion  of  tlie  diaphragni,  therefore,  » 
reapiration  is  principally  conducted  in  obliq^ue  to  increase  its  range  of  motion ; 
mui,  everything  has  been  done  which  its  sides  are  muscular  to  enable  them 
the  obliquity  of  its  position,  Ihe  nature  to  contract ;  concave  towards  the  ab- 
of  its  attachments,  and  the  mode  of  domen,  that  when  contraction  teJuced 
its  construction  could  afford,  to  confer  Ihem  to  a  plane  with  the  central  tendon, 
upon  it  the  greatest  range  of  motion  the  spacetlien  gainedmight  be  infavour 
wilh  Ihe  least  possible  expenditure  of  of  the  chest;  its  centre  is  tendinous  for 
space,  or  power.  Why,  may  It  be  asked,  the  inseHion  of  the  muscular  ning<i.  to 
mould  it  not  have  been  passed  directly  enable  these  win§s  to  contract  more 
across  tlie  body  from  the  sternum  1o  forcibly,  and  to  give  a  safe  passage  to 
the  dorsal  spine,  in  place  of  being  made  Ihe  vena  cava  and  oesophagus ;  and 
to  siant  from  the  lorns  to  the  sternum  ?  that  centre  is  attached  to  tlie  pericar- 
Why  should  it  be  conuve  \jo'nBlds  Um    ^vaiq,  Vk».\.  duiing  the  cotitnunioa  of 
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tfae  Kings  (here  mitj  be  a  fixed  point  to 
^Te  dinction  to  their  movements. 

The  (rocAni,  or  windpipe,  is  an  almost 
^lindrical  tube,  composed  of  eartilBKi- 
DOBS  rings  connected  to  each  other  Djr 
ligtmenlouB  substance,  with  which  mvu- 
eular  fibres  appear  to  be  intermixed, 
and  covered  internally  with  a  soft  and 
Tascnlar  membrane,  which  secretes  a 
inucout  fluid  to  defend  thesurfaca  of 
the  canal  from  the  acrimonj  of  the  air, 
i/lg.110    For  the  acoomsiodation  of 


FoMMioi  VImt  of  Toan*,  b 
0,  Om  UfCBM  ^t^  t>f^ 


r Titw of lAmv ud Tndwa.   a,<i,a.i»- 


•uliluiigf  OMbffMIj  i,-,- — 

titjorttnlMtjaxt  <, pntarin iBitliia  of  Iht 
tiaaM.  «Uea  ii  Ml  MrtUi^iuia  bat  mwabn. 
■on.  OBvtliaipHtlr  ariifuntiuidpirtlrof 
mOMiUr  UmTu  iu  ulonil  lUuta  la  coBlKt 


the  oesophagoi  or  gullet,  which  Bes  im- 
medialely  fa«hind  the  trachea,  {Jig,  72,  e) 
these  cartilaginous  hoops  do  not  eneam- 
pass  the  entire  tube,  but  terminate  pos- 
teriorly in  a  memtrane,  partly  ligament- 
ous and  partly  muscular,  which,  while 
it  completes  the  trachea,  admits  of 
compression,  and  thus  presents  no  io- 
convenience  to  the  passage  of  the  food 
'  along  the  cesopbagua  (Jig.  73.) 

On  the  top  of  the  trachea  is  mounted 
the  larynx,  or  musical  part  of  the  wind- 
pipe ;  which  is  composM  of  two  portions 
—IheghltU  and  epiglottit.  The  glottia 
is  fonned  by  the  conjunctitm  of  four 
pieces  of  cartilage;  ;i^.78,ccftPe-  «liX2£'«'Sf-tSi!;™ri'i;?,',tK 
presento  a  postenor  view  of  these  carti-  Miard«hti^»i.  ..  a. tkit»vii ;»,[)>•  mgiwi 
lues ;  and  Jto.  ?  1,  o,  a,  an  anterior  view  jfl».*uri..dM  iu  bun  (.rtor  b«e.«diin-;, 
«r  tw  of  tlSn,  which  are  lined  with  Wi-«-»  .<.  for«  dj,w.. ..  ti«  ee.5V«<»,«« 
ttw  mm  mucous  membniie  that  eoated 


or£uB(SkMo1teI>Wu,u>^'W^^<^^'^»V>^ 


■ft. 
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the'trschea.  and  are  covered  with  small  After  the  Irwhea  has  dcBcended  the 

muscles  which    serve    to  move  them,  neck  and  entered  the  thorax,  it  dindM 

"ITie  epiglottis  {fig.  72,  ft)  consists  of  a  into  two  parts,  one  of  which  goes  (o 

rinele  cartilajie,  which  i»  situated  above  each  lure.     The  ramification*  whKh 

the  other  four,  and,  like  the  key  of  a  ariae  from  these  primary  divuiom  of 

^ute,  can  dose  or  open  the  Tima  of  the  the  windpipe  are  atyled  bnmdu,  and 

glottis  or  longitudinal  aperture  Ihrouph  resemble  exadly  the  air-tubes  of  iukcIi 

which  the  «r  passes  into  and  from  the  both  in  conBlruction  and   office.     *• 


lungs  IJIg.  74.) 


these  bronchi  proceed  they 
smaller,  and  ai  tney  become  smaUer  the 
eartilaginaus  rings  of  which  they  are 
composed  become  less  distinct,  until  at 
length  they  entirely  disappear;  so  that 
the  air-cells,  in  which  they  ultimately 
end,  appear  to  consist  af  nothing  but 
an  extension  of  the  mucous  inembraiie 
which  had  lined  the  bronchi. 

T\»bu»gt{_fig.  7b,  bb)  aretwosponay, 
conical  bodies  situated  within  the  two1a- 
tcral  cavities  of  the  cheat,  and  separated 
from  ead)  other  t>y  the  halt  and  aitroi^ 


mmbranoui  partition  (Jig.  75,  a.)  They 
are  covered  anteriorlv  t^  the  ribs  and 
atemnm,  behind  by  tne  spine,  knd  their 
base  rests  npon  the  disphracm,  which 
separates  them  from  the  abt^men.  In 
consequence  of  their  containins  air, 
from  which  they  never  ean  be  Meerad 
after  birth,  they  are  the  lightest  vitoflra 
in  the  body,  floating  npon  the  surface 
when  placed  in  water.  Their  external 
aspect  varies  with  their  age.  In  in- 
fancy the^  are  of  a  pale  red,  in  vouth 


of  a  darter  colour,    and   in  ola 


these  lobules  oonnst  of  on  inlermixtd 
congeries  of  air-oelb  and  Uood-vestali. 
With  (he  excmtion  of  %  few  mtnasaad 
lymphatica.  which  th^  have  in  oommon 
with  evBi;  other  oigaii.  the  Innga  >R 
mtirely  made  vp  at  ur-edla.  UxnI 
TCSsda,  and  ceBulir  fiMoe.  Tba  lait 
substance,  which  is  the  ■iiiUmI  ia 
qnantihr,  aerves  mwdj  to  omiHatthB 
other  mo:  and  when  it  is  eoficdyra- 
moved,  after.iqjecting  tbe  air-tubas  and 
blood  vesieli  with        *'     ""      '"~~ 


age 


a  livid  blue.  They  are  distinguished 
into  parts  called  lobe$;  and  as  the 
right  side  of  the  chest  is  larger  than  the 
leit,  because  the  heart  is  principally  in 
the  left  side,  the  rkht  lung  possesses 
three  lobes,  nhile  tne  left  has  only  two. 
These  lobes  are  composed  of  M»Ue$ 
connected  by  cellular  aul»taiice,  and 


Trom  the  sketch  which  has  bea 
drawn  of  the  comparativB  analcay  <i 
respiration  we  have  seen  snfflciant  to 
pove,  thst^hat  is  prindpallj  re^nasd 
m  the  respiratory  KffnitaM,  b,  an 
organ  so  oonslroctad  as  to  «Dov  tt>e 
largest  possible   tpaaSaSg   of  detorit^ 
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nled  blood  to  enjoy  the  fiinest  inter-  formed.  This  animal,  therefore,  swal- 
conne  with  the  largest  possible  qiian-  lows  the  air  which  he  respires  as  he 
titj  of  vital  air.  Such  an  organ  is  does  the  food  which  he  digests  ;  and 
file  grand  desideratum  of  the  function  ;  the  most  effectual  mode  of  suffocating 
emy  other  is  preparatory  and  subaer-  him  is  to  keep  his  mouth  open. 
orient ;  and  such  a  place  of  intercourse  When  the  trout  resphres  it  opens  its 
b  met  with  in  the  human  lungs.  It  has  mouth  and  takes  in  a  quantity  of  water; 
been  sufyposed  by  Hales,  that,  represent-  the  mouth  is  then  shut  and  the  inclosed 
km  the  sixe  of  each  air-oell  at  j^^ih  part  water  is  forcibly  driven  amon^  the  vascu- 
or  an  inch  in  diameter,  the  amount  of  lar  lamins  of  its  giUs.  During  the  pas- 
•nrfiuw  furnished  by  them  collectiTeiy  sa^^e  of  the  water  through  these  nm- 
womkl  be  represented  by  20,000  square  bnated  oiigans,  the  air  which  it  con- 
inehes.  Keil  has  estimated  the  number  tains  exerts  its  purifying  influence  upon 
of  these  cells  at  174,418,615,  and  the  the  bk>od,  and,  after  accomplishing  its 
■orfroe  which  ther  present  at  21,906  olject,  it  escapes  beneath  the  large 
•qoare  inches ;  ana  Lieberkuhn  has  in-  scales  by  which  tiie  gills  are  coverra. 
creased  it  to  no  less  than  1500  eubic  In  many  worms  and  flat  fishes  the 
iieet.  It  is  upon  these  air-cells  that  the  water,  tnus  admitted  by  the  mouth,  is 
Tenous  blood;  is  distributed  l)y  an  infinity  expelled  through  small  holes  situated  in 
of  vessels  derWed  from  tiM  pulmonary  different  parts  of  their  body,  but  more 
srtery ;  it  u  f or  the  ssJce  of  these  air-  especially  in  their  sides,  fishes,  there- 
cells  that  the  lungs  are  formed,  tmd  the  fore,  eannot  inspire  air  unmixed  with 
extensive  respiratory  maohfaieiy,  whidi  water,  nor  can  they  inspire  water  un- 
has  been  now  described,  ts  erseted ;  mixed  with  air.  Air  is  necessary  as 
it  is  during  the  eireiilation  of  the  l)lood  the  vitalixing  principle  of  their  blood,  and 
upon  these  air-eaOs  that  tibe  desired  mter  is  necessary  as  a  vehicle  for  the 
Mkerations  in  its  properties  are  wrought;  proper  application  of  this  principle  to 
•nd  when  the  relative  extent  of  the  aSnal  their  blood  vessels, 
respiratory  oican  is  compared  with  the  In  I4rd$  the  lungs  are  so  nitched  down 
insignificant  mmennoas  of  the  hmgt  hi  between  the  ribs  and  perforated  by  air- 
iHsich  that  organ  is  oentasned,  it  is  holes,  that  they  can  neither  expand  as 
difficult  to  conceive  how  ao  email  a  port,  the  cAiest  enlai^,  nor  collapse  as  it 
differently  constructed,  oonld  be  more  falls.  They  preserve  unalterably  the 
effectual^  adapted  to  the  (Ajeets  whMi  same  siie.  When  the  bird  inspires  his 
it  is  intended  to  aoeomplish.  A  stratum  chest  is  rievated,  a  vacuum  is  formed 
of  Uood,  several  hundred  feet  in  surface,  within  and  air  rushes  into  the  lun^. 
is  exposed  to  a  strabim  of  air  still  more  But  as  it  cannot  remain  in  them,  m 
extensive ;  and  these  two  strata  <^  eon-  consequence  of  the  ahr-holes  upon  their 
tiguous  fluids  are  comprehended  within  smfaoe,  it  passes  out  into  the  abdominal 
on  or|;an,  which  may  be  easily  eompres-  cells.  Expiration  now  begins,  the  ribs 
led  within  the  compass  of  a  few  inches,  flidl,  tlie  aur  in  these  large  ahr- cells  is 
To  look  for  any  panlld  to  XY^m  amid  the  compressed,  it  again  enters  the  air-holes, 
most  masterly  contiAvanees  of  eeianee  passes  a  second  time  through  the  lungs, 
were  vain.  and  is  expelled  through  the  wind-pipe. 
.  ^  »  .  .  The  lungs  of  this  dass,  consequently, 
Mgchamsm  of  RufiraUmi.  contmn  a  mere  fraction  of  the  air  which 
TRsnn  is  as  great  variety  in  the  omcAo-  they  inspire,  and  during  expiration  they 
miam  as  in  tm  appamtna  of  raqnratioa.  are  conprassed,  not  innnediately  by  the 
Two  dassea  of  animais  do  not  brea;fiie  ribs,  but  mediately  through  the  air-cells 
m  the  same  way,  and  different  ofders  of  winch  surround  them. 
tiie  same  class  are  not  unfrequently  dis-  In  man  resphtition  consists  of  a  suc- 
tingnished  W  individual  peculiarities,  cession  of  alternate  acts  by  which  air 
When  the  jrog  inspires  he  shuta  his  is  received  into  and  removed  from  the 
mouth,  draws  a  quantity  of  air  through  lungs.  When  it  is  received  the  act 
Ilia  nostrils  into  the  laige  membranoos  is  called  irupiration;  when  expelled 
h^f  which  is  attadied  to  his  under  jaw  ;  expiration.  The  one  process  depends 
this  bag  contracts,  and  the  air  which  it  upon  the  other.  Air  cannot  be  ex- 
oontains  is  forced  down  into  his  longs  pured  until  it  have  been  inspired,  and 
Ofg'  66.)  When  the  purposes  of  in-  a  second  inspiration  cannot  be  made 
SBoration  have  been  aerved,  the  mns-  tiU  the  aur  alreadv  taken  in  have  been 
Cleo  of  the  abdomen  contract,  his  lungs  expired.  But,  although  thesA  iii^  ^^pn 
m  oominessed,  and  e^)iration  is  per-  oeiaeo  ire  \\»\a  coxvtacX.^  ^x^ft^^vu 
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is  a  much  more  vit&l  action  than  the  the  density  of  the  internal  be  equal  to 

other.    The  lungs  cannot  be  filled  with  that  of  the  external  air,  when  the  actot 

air  without  a  considerable  effort  on  the  inspiration  is  at  an  end^    The  inlercot- 

part  of  many  Lving  a^ts ;  hut  they  tal  muscles  now  relax,  and  allow  the 

may  be  emptied  of  it  in  virtue  of  the  elastidty  of  the  ribs,  which  had  Ixen 

physical  construction  of  the  respiratory  hitherto  counteracted  by  the  contraction 

system.    A  Icnowledge  of  this  system  is  of  these  muscles,  to  restore  them  to 

sufficient  to  prove  that  the  nattu^  state  their  natural  position.    The  diaptuvm 

of  the  lunss  is  that  of  collapse.    The  likewise  relaxes,  and  allows  the  abdo- 

ribs  are  jointed  so  obliquely  to  the  ver-  minal  muscles  to  re-act  and  thrustitap 

febnp,  and  so  connected  anteriorly  to  the  into  the  cavity  of  the  chest.     The  lune* 

sternum,  that    a  cousii!era.ble  force   is  are  thus  encroached  upon  in  every  di- 

necessary  to  brin^  them  to  right  angles  reclion ;   before  by  |the  (ribs  and  sler- 

wiiii  the  spine ;  thai  is,  into  a  state  pre-  num.  behind  by  tlie  ribs  and  spine,  and 

pared  for    inspiration.      After   death,  below  by  the  diaphragm.    The  newly- 

therefore,  when  every  living  principle  is  admitted  air  which  they  contain,  being 

extinct,  and  tlie  body  is  allowed  to  fall  now  no  longer  in  a  state  of  equilibrium 

into  its  natural  attitude,  the  state  of  the  with  the  external  atmosphere,  is  forcibly 

chest  is  always  that  of  expiration.    The  expelled,  and  the  chest  is  restored  to 

ribs  are  depressed,  the  diaphragm  [is  the  same  condition  in  mhich  we  found  it. 

pushed  up  into  the  thorax,  and  llie  lungs  Such  is  the  mechanism  of  respiration, 

are  confined  within  a  cavilv  which  ex-  as  it  obtains  in  a  state  of  healtfi,  and  the 

piration  has  diminished  to  the  utmost.  reader  cannot  fail  to  perceive  how  parts. 

It  is  obvious  that  as  long  as  this  state  the  most  distant  and  different  in  action, 
of  parts  continues,  the  entrance  of  air  are  made  to  co-operate  to  the  produc- 
into  the  lungs  is  impraclicable.  But  tion  of  the  same  enect. 
il  is  equally  evident  that,  if  by  any  In  ordinary  breathing  we  respire 
means  the  chest  could  be  enlarged  and  almost  exclusively  with  the  diaphragm, 
the  lungs  expanded,  a  vacuum  would  the  motion  of  the  ribs  being  scarcely 
form  within  the  thorax,  the  si*e  of  which  perceptible.  Dr.  Jentz  saw  a  miui  in 
Vi'ould  be  proportional  to  Ihe  extent  of  Paris,  who  permitted  an  anvil,  weighing 
this  enlargement.  -Now,  this  actually  600  lbs.,  to  be  placed  upon  his  chest 
occurs,  and  we  have  examined  the  ma-  while  he  lay  in  an  iionzontal  posture, 
cbinery  by  which  it  is  accompiished.  and  a  bar  of  iron  to  be  Ijeaten  out  upon 
■  A  short  time,  say  one  second  and  a  it  with  weighty  hammers,  without  dis- 
half,  after  expiration,  the  muscles  of  covering  symptoms  cither  of  pain  or  un- 
inspiralion  begin  to  act.  The  infercos-  easiness.  But  when,  from  (debility  or 
tals  contract,  and  by  elevating  the  ribs  disease,  the  ordinary  respiratory  organs 
increase  the  dislance  between  the  spiue  are  insufficient,  or  when,  from  oper- 
and sternum.  The  diaphragm  descends  exercise  or  temporary  excitement,  the 
as  Ihe  ribs  rise,  and  by  pushing  down  lungs  require  an  unusual  quautily  of 
the  abdominal  viscera  allows  the  lungs  air,  nature  has  several  auxiliary  le- 
grealtr  freedom  for  expansion  in  tliat  sources  in  reserve. 
direction.  Thus  the  cavity  of  the  tho-  If  an  inspiration  only  somewhat  fiiller 
rax  is  enlarged  on  all  sides,  and,  since  than  usual  be  desired,  the  icrrati  lei-a- 
the  lungs  are  quite  passive  during  all  lores,  triatigulares,  <uid  pectoral  miw- 
these  changes,  diminishing  when  com-  clea  are  brought  in  to  co-operale  with 
pressed  and  expanding  when  liberated,  the  inlercosfds  in  elevating  Ihe  ribs, 
their  dimensions  roust  now  be  greatly  But  if  Ihe  very  fullest  inspiration  which 
enlarged,  the  air  which  they  contain  can  be  taken  be  necessary,  the  bones 
considerably  rarefied,  and  a  vacuum  of  formingthe  shoulder  and  shoulder-joints 
some  extent  must  be  formed  within  their  ore  firmlylfixed  liy  resting  the  hanJs 
air-cells.  But  as  an-  la  an  elastic  fluid  upon  the  knees,  and  all  the  muscfes, 
which  seeks  its  own  balance  wherever  wliich  have  the  ■'slightest  connexion 
situated,  and  as  the  air  within  the  chest  with  the  chest  eitlier  before  or  behind, 
is  rarer  than  that  without,  the  conse-  are  added  to  the  inspiratory  apparatus. 
quence  is  that  the  denser  or  external  air  At  the  same  time,  the  abdominal  mus- 
will.invirtiieof  its  greater  gravify.  enter  cles  are  relaxed  to  the  utmost  to  (acili- 
the  trachea  through  the  nostiils  and  tate  the  ascent  of  the  ribs,  and  the  dta- 
mouth,  and  descending  into  the  lunjjs  phragm  is,  for  the  same  reason,  enabled 
■cuj>y  this  newly-formed  vacuum.  This  to  conU-act  to  the  utmost  to  increase  the 

ux  of  denser  air  vfiU  fioutiavu  uo.^  Yoxi^  %ka  t^  \he  chest    In  this  way, 
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twiee  the  'usnal  quantity  of  kit  con  be  eluded  from  ur  in  m  sepumte  state,  and 

taken  into  the  lunn  at  a  tingle  inspira-  enveloped  in  menibranea  Uled  with  a 

tioD.  But  u  the  cnest  has  been  brought  wateiy  fluid,  the  foatus,  or  unborn  child, 

by  this  extraordinary  effort  into  a  very  is  virtually  an  aquatic  animal,  must  be 

muiatoral  itate,  aa  U\  its  ligaments  and  adapted  to  an  aquatic  life,  and  muit  be 

eartilages  have  been  strained,  and  every  nourished  with  blood  which  comes  to  its 

nei^ibouring  muscle  has  been  prened  system  already  purified  for  the  purposes 

into  its  lervtce  and  contracted  to  the  of  life.    To  support  a  respiration  of  its 

utmost,   it  fdlows,    that    as  soon  as  own  were  consequently  both  impractica- 

inspitMon  terminates  there  will  be  an  ble  and  unnecessary.    As  lonE,  there- 

nMTeased  tendency  in  the  chest  to  resume  fore,  as  it  is  connected  with  its  mother's 

itsDidinaiysiie—atendencycommensu'  system,  its  lunss  cannot  act  through 

nte  in  decree  with  the  force  of  the  pre-  want  of  air,  and  its  blood  is  arterialized 

TiousinspiratorY  effort.    The  farther  the  without  these  organs^  but  the  moment 

.  ribs  were  earned  out  of  their  natural  at  which  this  connexion  is  dissolved  by 

direction  tbe  more  certainly  will  they  re-  birth,  the  ctuld  is  wholly  oast  upon  its 

turn  to  it  when  the  tbrcing  power  has  own  reaonrces,  a  donble  circulation  is 

oeucd  to  act,  and  this  strong  expiratory  established,  and  respiration  begins, 

tendenevonthepartoftheribs  is  power  The  first  respiratory  act  ^>pean  to  be 

fully  uded  by  the  strong  eonlradion  of  purely  meehamcal,  resulting  IVom  the 

the  abdombiM  muscles,  which,  byl^pres»-  diange  of  position  which  tlw  child  un- 

ing  the  dimhragm  far  up  into  the  chest,  dergoea  at  nirtb.    By  referring  to  the 

shortens  the  long  axis  of  the  thoracic  adjomtng  tigm,  which  represents  the 

cavity,  as  much  as  the  falling  of  the  i^  child  as  itiiet  in  the  womb,  it  cannot 

diminishei  the  short  one.  escape  remarii,  that  everything  bu  been 

Tfuflrit  Irupiration. 
To  a  certain  extent  the  reqiiratorv  appa- 


Fig.  76. 


ratus  is  subject  to  the  will.  If  a  full 
inspiration  be  desired,  we  can  call  every 
inspiratoiy  organ  into  action,  and  we 
can  expand  the  cheat  to  its  utmost  siie ; 
or,  by  farcing  down  the  ribs  and  pushing 
np  the  diaphragm  we  can  compress  the 
lungs  with  unusual  force,  and  eq>el  from 
them  a  neater  quantitv  of  air  than  ordi- 
nary. But  this  controlling  power  which 
we  possets  is  very  limited,  end  the  mus- 
cles of  respiration  are  neither  at  all 
times  obedient  to  the  vnll,  nor  do  they 
require  the  stimulus  of  the  will  to  bring 
them  into  exercise. 

When,  by  a  forced  insinration,  .we 
have  taken  into  our  lungs  the  lanrest 
possible  quantity  of  air,  no  mental  effbrt 
can  enable  us  to  preserve  the  chest  in 
that  elevated  state  bevond  a  certain 
period.  The  intercostals  will  relax,  the 
aiaphngm  will  ascend,  and  the  ribs  done  which  position  could  effect  to  di- 
will  fan.  Or  when,  by  a  forced  ezpin-  minish  to  the  utmost  the  dimensions  of 
tion,  we  have  expelled  from  the  lungs  ttie  cbeit:  and  a  little  consideration 
the  largest  possible  quantity  oT  tar,  and  most  convmce  us  that  any  change  from 
have  reduced  the  cnest  to  its  smaiJest  this  position,  it  matters  not  in  what  di- 
nie,  inspiration  soon  commences  even  rection  or  to  what  degree,  will  have  the 
in  opposilitHi  to  the  win.  and,  over-  e^ot  of  Hberatingthe  lungs  fromapor* 
comuw  the  elaatieity  of  cartilagea  and  Hon  of  tiie  pressure  which  they  bear, 
the  mutance  of  pontion,  the  ribs  riae  The  bead  cannot  be  raised  from  the 
SDd  libente  the  luim.  bnast,  nor  the  knees  removed  from  the 

FWxn  the  phTrieaTctminMtances  with    abdomen,  t  without    ttraightemng    the 
which  the  child  befiwe  birth  b  sur-    spine,  and  the  spine  cannot  b*  t«J«j3A. 
ivunded,  it  is  evident  that  respir»li<«  is    to  a  «tiaig\A\mft  ■wtoo^.v  «itsTL\\^VCt«. 
jo«>BtpiiiWe  with  its  economy.     Ex-    ribs,  aai  pwmvttms  ftia  ito4o^aM»i.'*-»- 


IM 
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0H»  to  Wl ;  bot  the  rib*  cwmot  nm,  sadden  oWiteiatioa  of  thcK  twafahl 

m-  the  dimiiira«m  dearend.  without  an-  puugo,  and  for  the  now   wad  eatm- 

jaT^-,»  ih7^h«t,  .nd  M  the  elwit  «o-  tool  route  Isken  by  the  *eiwiM  b)oo4 

j^,"                    .     .    ..  ,,          'L'  tlie   most  at  liirlh  from  the  ri^'IH  to  llie  left  side  rf 

el'i-'.;'   "I-  ■i-'    ■'  '■'■     ■■■:>.  wiU  expa-nd,  the  hcarl.     But.  siii)|>osinjr  that   such* 

their  air-erlls,  «hidt  had  been  hitherto  change  obtains  at  the  moment  of  birlh, 

coUspMd  by  extetnai  prfssure,  will  as-  and  that  the  air-tubes  of  the  iuiiK»  and 

sume  an  open  form,  and  the  external  aii  thearterieasiraullaneouslyexpand,  ev«y 

iiill    in  olwiiience  lo  its  own  principles,  difficulty  vanishes.     The  blood  will  then 

jio  where  it  ineels   with  the  letit  re-  find  a  more  open  passage  through  Ibe 

■atance.  pulmonarj-  artery  than  Ihrough  the  aorti, 

.  the  arterial   duct  being    litQe   required 

Cotmerion  n/IAffirtt  lrt»piralion mt/t  ^^  „,diially  contract  and  ullimately 

tkeEitabluhmmt'i/aDoiMeCxrcu-  ^^^^   y,g   receipt  of   the    leR   auricle 

tation.  equallins  that  of  the  right,  the  prewure 

Thb  same  cause  which  accounts  for  the  against  the  opposite  aides  of  theauriculir 

first  introduction  of  air  into  the  chest,  partition  will  he  ec|ualized,  the  valve  ol 

b  likewise  adequate  to  explain  why  the  (he  oval  hole  will  be  pressed  up  aguail 

dotil)le  circuiution  and  respiration  in  the  the    margins  of    Ihis    commuaicating 

child  are  colempoianeous  in  their  com-  aperture,  and  a  perfect  pulmonary  clr- 

mencemetiL     The  blood,  which  during  culation  will  be  established.     But.  wliile 

fallal  life  hod  pas.^  through  the  oval  ihese  diani;es  are  going  on  within  the 

bole  e,  Letiveen  the  auricles,  into  (he  lefl  san^iTfrous  system  of  the  lun^,  Iheir 

■ideoflhcheart.andthrou^tbeaiterial  pneumatic  apparatus  isatwork;  fresh 

duct  Into  the  aoriB,/, without  visiting  the  air  is  drawn  m  at  every  inspiratioD 


passing  current  of  deteriorated  blood  is 
subjected  to  its  influence,  and  the  com- 
mon object  of  both  functions, — the  con- 
version of  this  vital  &uid  from  a  veootu 
lo  an  arterial  stale, — is  eCCected  by  t 


PI  solicited  out  of  its  ordi- 
y  the  expannon  i>f  the  chest. 


The  beauty  of  this  simple  arrange- 
ment is  very  striking,  and  the  mdis- 
soluble  connexion  between  the  action 
of  the  lungs  and  heart  is  remaxkably 
displayed.  As  Joog  as  the  blood  of 
the  fatus  is  purified  by  the  molhra. 
a  single  circulation  is  sufficient ;  but 
when  birth  cuts  off  the  child  from  every 
adventilious  aid.  and  casts  it  upon  its 
owu  resources,  its  luogH,  wliicli  iiad 
B.  iofBrior  itn«  c»T«;  4,  mptrior  Tn»  am;  d,  been  hillierto  inactive,  are  now  called 
r](bt>Dncigi«,f<inaHniHi«;/,wn«.  -^^^^  operation,  its  blood  is  made  to 

The  same  vacuum  which  fbnnl  within  undertake  a  second  journey  to  acquire 
the  lungs  during  this  expansion,  .will  those  vital  properties  which  formerly  it 
draw  blood  through  the  pulmonarf  ar-  had  obtained  elsewhere,  and  the  same 
tery  as  forcibly  as  air  through  the  wind-  cause,  which  fills  the  blood-vessels  of 
pipe.  Tlie  arteries  of  the  lungs  will,  the  lungs  with  blood,  is  employed  to  fill 
therefore,  fill  with  blood  as  their  air-  their  air-lubes  with  air,  prepared  for  its 
cells  fill  wifli  air,  and  the  moment  the  purification. 
establishment   of  a  double  circulation 

requu^s  that  (he  child  should  purily  its  Efecis  of  Bexpiration, 

own  blood  is  also  the  moment  that  re-  It  may  be  inferred,  then,  that  one  of 
spiration  begins.  Were  not  the  lungs  the  first  and  most  important  efi'ects  of 
relieved  from  an  unusual  degree  of  pres-  respiration  is  exerted  on  the  circulating 
sure  by  birth,  as  we  have  endeavoured  blood ;  but  there  is  abundant  evidence 
lo  prove,  or  did  not  something  equiva-  to  show,  that  many  other  effects  of  no 
lent  to  this  happen  during  thateventful    slight  moment  are  accomplished  by  this 

EBriod,  (o  make  the  passage  or  the  function.  The  necessity  of  air  for  the 
lood  through  the  lungs  easier  than  support  of  animal-  life  could  acarcely 
throug^h  llie  arterial  duct  and  oval  hole,  escape  observation  in  any  age ;  but  the 
ve  are  left  without  a  lea&oa  toi  \he   uviMtAs  \)^a\%  \^iu:sm&  \i<aM\  oC  the 
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eoDstitution  of  the  atmosphere,  and  of  ral  azote  of  the  atmosphere  untouched 

the  alterations  which  the  air  experiences  in  quantitjr  and  unchanged  in  quality. 

while  in  the  lungs,  could  form  no  ra-  The  experiments  of  Spallanzani  render 

tional  conjecture  of  (he  ends  it  serves  in  it  certain  that  reptiles  absorb  azote,  and 

the  economy;  accordingly,  there  is  no  Humboldt  and  Provencal  have  ascer* 

extravaganee  of  the  imagination  in  which  tained  that  the  same  effect  is  produced 

tbcy  did  not  indulge.    Without  any  fur-  upon  inspired  air  by  fishes.   Admitting, 

tber  notice  of  tli^se  opinions,  we  shall  however,  that  Davy  s  experiments  are 

ffo  on  to  state  what  tne  uses  of  this  to  be  depended  on,    the  quantity  of 

nmction  really  are,  as  far  as  they  are  azote  consumed  by  respiration,  when 

ascertained.  compared  with  its  absolute  amount,  is 

INK^*  nr  »--«.v^#.-««  o«  ih^  nh^i^i^,  ^  trifling,  that  one  should  think  tliis 
EffiecU  o/Bemratton  on  the  Chemistry  ^^^^  ^       ^^  ^^  well-being 

qfthe  Air  inspired.  ^^  Ij^^  -^  ^  ^^y  ^/  ^^  ^  ^^t^^t  ^^^ 

Common  atmospheric  air  is  composed  are  not  as  yet  understood.  Out  of  100 
of  three  gases,  which  are  combined  in  puis  of  common  air,  77  consist  of 
different  proportions,  and  are  endowed  azote,  82  of  oxygen,  and  1  of  cuijonic 
with  difierent  properties.  The  most  acid ;  so  that,  supposing  the  alleged 
abundant  of  these  is  called  cutoie,  a  term  diminution  of  this  ^as  to  occur,  the  loss 
which  signifies,  '  incapable  of  sup-  which  it  sustains  within  the  lungs  bears 
porting  life  ;*  the  most  useful  is  osygen  ;  little  proportion  to  its  original  quantity. 
and  carbonic  acid  is  the  third,  which  Oxygen,  the  second  ingredient  of  the 
amounts  to  little  more  than  one  per  atmosphere,  composes  little  more  than 
cent,  of  the  whole.  one-fiilh  of  the  whole  mass ;  yet,  when 
For  a  long  time  it  was  believed,  that  freouently  respired,  it  can  be  made  en- 
ujKrn  the  first  of  these  ^ases-^oa^ote,  re-  tiray  to  disappear.  If  air  be  examined 
ipiration  exerted  little,  if  any,  influence,  which  the  smallest  insect  has  respired. 
It  was  regarded  richer  as  a  vehicle  for  the  oxygen  contained  in  it  will  be  found 
the  conveyance  of  oxysen  to  the  lunp,  diminished  or  consumed ;  if  fishes  be 
than  as  a  substance  gmed  with  any  m-  immersed  in  water  which  has  been  de- 
trinsic  virtues.  Subsequent  observa-  prived  of  this  gas  by  boiling,  they  lan- 
tions  have  ascertained,  however,  that  it  guish  and  die.  It  matters  not  what 
disappears  during  respiration  in  con-  element  is  inhabited,  or  what  functions 
siderable  quantity :  since  some  object  are  performed  ;  whether  the  animal 
must  be  eontemplated  by  its  removal,  it  breattie  by  lungs  or  gills ;  whether  the 
is  now  generally  considered  that  it  a<;ta  air  traverse  every  part  of  the  body,  or 
some  put  in  the  economy  of  this  func-  be  confined  to  a  smsle  organ,  oxygen 
tion  more  efficient  than  that  of  affording  is  eaually  indispensable.  It  is  this  gas 
a  convenient  vehicle  for  oxygen,  al-  which  renders  the  atmosphere  essential 
though  we  are  wholW  ignorant  of  its  to  life ;  yet,  when  undiluted  with  azote, 
real  use.  Sir  H«  Davy  respired  18  it  cannot  support  continued  respiration, 
cubic  inches  of  common  air  during  one  When  pure  oxygen  is  inspired,  a  sense 
minute.  Before  the  experiment  this  air  of  warmth  is  felt  in  the  chest,  the  heat 
was  found  to  contain  9.8,  and  after  it  of  the  skin  is  raised,  the  pulse  is  quick- 
only  4.1  cubic  inches  of  az(^  shewing  ened,  and  other  symptoms  of  excitement 
that  5.2  cubic  inches  had  disappeared,  are  produced.  Lavoisier  inspected  the 
This  experiment  was  variously  repeated  bodies  of  animals  which  had  been  for 
with  the  same  result,  and  its  accuracy  some  time  immersed  in  this  gas;  in- 
has  been  subseouently  confirmed  by  Dr.  creased  redness,  unusual  vascularity, 
Henderson  ana  olliers.  -,.  Supposing,  and  oth^  indications  of  inordinate  ac- 
then,  that  5  cable  inches  of  azote  are  tion,  were  discovered.  Dumas  states,* 
consumed  every  minute  by  a  moderately  that  the  lungs  of  a  dog;,  which  had  been 
sized  man,  22AB4  grains  will  be  ex-  exposed  to  a  similar  tnal,  were  even  ul- 
pended  in  twenty-four  hours.  oerated.  Pure  oxygen  ap[)ears,  there- 
Allen*  Pepys,  and  Jurine,  on  the  fore,  to  be  unfit  for  the  maintenance  of 
other  hand,  have  endeavoured  to  prove*  life ;  its  dilutk>n  is  requisite,  and  azote 
that  azote  is  ^en  out  by  the  lungs  seems  to  be  the  appropriate  diluent. 
during  respiration,  and  their  proof  has  We  know  that,  in  a  separate  state,  azote 
been  collected  from  many  ingenious  ex-  is  innoxious.  Alone,  it  cannot  be  in- 
periments ;  while  EQis  baa  laboured  to  spired ;  but  it  appears  to  be  irrespirable 
show,  that  req^Mratioa  leaves  the  natu-  only  because  ^»fis^V^\.^  ^*l  ^^^i^^^  «2^^ 
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tbe  prqwntiotu  in  vfaidit  nktnra  hu  life  during  twenty-fbttr  boon,  maj 
compounded  these  aeiiil  liquids,  u  range  between  45  and  46.0DO  eab« 
flKf  are  ntet  with  in  tbe  >lmos[^)ere,  inches,  which,  when  weighed,  nute 
ue  exactly  tboie  which  render  them  ebout  IS.SOO  grdns.  or  2 lbs.  8oi.tro;, 
most  suitable  for  tbe  eeoDomr  of  life.  The  variety,  however,  to  which  tbeeoo- 
If  the  oxyeen  be  diminkbed,  the  com-  sumption  of  this  gas  is  exposed  ii  rtaj 
pound  producea  a  sense  of  ki^or,  and  Kreat.  Scarcely  during  two  hours  in  tM 
a  tendencT  to  deep ;  if  it  be  increased,  day  does  the  same  person  employ  ttle 
lite  eflbot  u  slimuMOiu.  Mr.Ellisbaa  lamequantity.  Thenatoreanddegneof 
stated,  that  the  powth  of  vegetables  is  his  exercise,  his  condition  of  mind,  his 
miKh  injured  whm  they  are  surrounded  state  of  health,  the  kind  of  foodheeals, 
withtoomucho^ga;  and  it  is  equally  tbe  temperature  of  tbe  air  he  breathes, 
flixtain  that  insects,  if  immersed  in  this  and  many  other  modi^ng  causes,  mal»- 
gts  in  an  unmixed  state,  die  long  before  riaUv  influence  its  consumption.  When 
it  is  ocnunmed.  Saussure  mentions  a  (he  nourly  naste  of  o\yeen,  at  the  tem- 
■troiig  tenden^  to  steep  as  one  of  the  perature  of  a4°,  amount^  to  1345  cubic 
ansalions  tie  experienced  wMle  trarers-  inches;  at  ?9°,  it  was  found  to  fall  to 
ing  the  summit  of  the  Alps ;  but  the  ISIO:  during  digestion,  more  disap- 
acconnts  wluch  tome  traveUers  give  of  peared  than  when  the  stomach  was 
the  eKcts  of  elentedrepOBs  upon  their  empty,  and  less  was  required,  as  the 
nsinntory  organs  may  petnws  be  quantity  of  vegetable  food  that  had 
more  ^ausiUj  attributed  to  tne  in-  been  fuKen  was  great  When  the  mind 
oeased  rarity  of  tbe  air.  than  to  the  is  tranquil  and  the  body  is  al  rest,  corn- 
diminished  iitiantitj  of  ita  oiqrgen.  A  paratively  little  is  necessary  i  active  ex- 
small  quantity  of  pure  oig^en,  indeed,  ercise  and  mental  agitatico  require  a 
will  often  so^iort  life  loiigv  than  the  more  liberal  supply.  But  where  does 
same  qnantitf  of  atmosidwric  air;  but  alt  this  oxygen  ^o  ?  Fur  what  purposes 
from  its  well-lmown  tendency  to  excite,  is  it  abstracted  ?  To  answer  these  qum- 
it  maybe  inferred  that  its  continued  use  lions  we  must  inquire  into  the  change 
vould  be  injurious,  if  not  &tal.  bw-  which  respiration  eflecis  upon  the  lliird 
menbach  procured  three  does  of  the  gaseous  constituent  of  the  atmosphere- 
same  size:  into  the  trachea  of  the  first  carbonic  scid, 

he  inserted  a  pipe,  which  had  attached  to  Unlike  azote  and  oxygen,  which  are 
it  a  bladder,  containing  20  cubic  inches  simple  gases,  earbonie  acid  is  a  com- 
ot  oxygen ; — after  fourteen  minutes  the  pound  of  two  substances,  oxjrgen  and 
animal  died.  The  bladder  was  then  cartx)n  ;  and  so  incapable  is  it  of  sup- 
filled  with  atmospheric  air,  and  its  pipe  porting  flame  or  life,  that  a  tajier  is  ex- 
was  fixed  into  the  windpipe  of  the  se-  tinguiahed  t>y  t«ing  immersed  in  it,  and 
cond  dag;  in  six  minutes  it  expired,  itcannot,  for  even  a  moment,  be  inspired 
The  air,  which  had  been  thus  respired  without  causing  a  feeling  of  suffocation. 
for  six  minutes,  was  made  the  sulnect  of  Many  experiments  were  performed  upon 
the  next  experiment  on  the  third  dog,  this  gas  by  the  courageous  Filatre  de 
which  died  four  minutes  after  the  intra-  Roiier.  In  one  of  these,  he  entered  a 
duclion  of  the  pipe.  brewer's  tub  during  the  fermentation  of 
Theprecise  quantityof  oxygen,which  its  contents,  when  carbonic  acid  was 


s  necessary  to  support  human  life,  it  is  exhaled  in  clouds.  A  sensation  of  heat 
lot  easy  to  calculate.  Menzies  statM,  and  itching  was  first  experienced;  this 
that  in  twenty- four  hours  Sl.MO  cubic    was  speeduy  followed  tiy  difficult  brealh- 


inches,  or  17626.6  grains,  are  consumed  ing,  and  a  violent  sense  of  suffocation ; 

by  an  ordinan  man ;  Lavoisier  raises  he  could  no  longer  distinguish  objects  ; 

the   quantify   destroyed    in    the    same  bis  face  became  purple,  his  limbs  v»eak ; 

period  to  46037.3B    cubic  inches,    or  he  understood  with  difficulty  what  wss 

lS661.66grains;  and  the  experiments  of  said  to  him ;  and  it  was  not  until  he  had 

Davy  lead  to  the  conclusion,  that  31.6  been  again  exposed  for  some  time  to  pure 

cubic  inches  are  consumed  every  minute,  ah:  that  these  formidable  symptoms  w«* 

making    the    quantity    necessary    for  removed.    Davy  tried  to  inspire  a  mix- 

twenty-four  hours  45.S04    inches,    or  ture  of  two  quarts  of  common  air  with 

IS471J6  grains,    EVom  Uk  trifline  dis-  three  of  this  acid,  without  success;  but. 

crepancy  between  the  last  two  results,  it  by  increasmg  the  proportion  of  common 

is  probable  that  the  quantity  of  oxygen,  air  to  seven  quarts,  the  mixture  t>ecame 

necessary  for  the  maintenance  of  human  respirable.    When  used  in  an  undiluted 
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•late»  a  burning  sensation  at  the  top  of  those  of  the  former  are  insufficient  to 
the  uvula,  and  a  violent  feeling  of  suffo-  account  for  all  the  oxygen  consumed, 
cation,  were  complained  of:  giddiness  Lavoisier  supposed  that  15661.66  grains 
and  torpor  were  its  effects  when  mixed  of  oxygen  were  expended  in  24  hours ; 
with  common  air.  It  is  not  to  be  ex-  but  12924  are  sufficient  to  form  the 
peeted,  therefore,  that  a  eas  of  such  de-  17720.89  grains  of  carbonic  acid  gene- 
leterious  properties  should  enter  largely  rated  during  the  same  period — leaving  a 
into  the  composition  of  a  fluid  so  essen-  residue  of  2737.66  grains  of  oxygen  un- 
tial  to  Ufe  as  atmospheric  air ;  accord-  accounted  for.  Again,  Davy  cakulated 
inglj^,  it  scarcely  exceeds  one  percent.,  that  15337  grains  of  oxygen  were  ne- 
aiiaitisprol>able,thateventhbc||uantity  oessary  for  twenty-four  hours*  expen- 
owes  its  presence  more  to  chemical  de-  diture ;  but  12824.18  only  are  requirecl 
composition  than  original  arrangement,  for  the  formation  of  17811.38  grains  of 
Let  it  be  supposed  that  100  parts  of  carbonic  add  duiine  the  same  period^ 
common  air  be  respired  by  dififlnrentani-  giving  us  an  unexplained  overplus  of 
mals,  whose  pulmonary  habitudes  are  2512.2  grains  of  oxygen.  Now,  as  no 
different,  until  they  be  no  longer  re-  subsequent  experiments  of  any  note  can 
spirable  even  by  an  insect.  It  will  be  throw  these  conclusions  into  discredit,  it 
found  that,  in  place  of  being  composed  of  may  be  concluded  that  Uie  whole  of  the 
77  azote,  22  oxygen,  and  1  carbonic  oxygen  which  respiration  abstracts  from 
acid,  they  consist  of  77  azote,  and  23  the  air  is  not  accounted  for  by  the  car- 
carbonic  acid.  For  the  sake  of  round  bonic  acid  which  it  generates — ^thatsome 
numbers,  this  statement  is  made  gene-  disappears  without  leaving  l)ehind  any 
ral ;  but  this  point,  like  almost  evenr  equivalent.  What  b^^omes  of  this  re- 
other  on  the  chemistry  of  respiration,  u  ndual  oxygen  it  is  difficult  to  say.  Some 
far  from  heing  settled  ;  some  maintain-  believe  that  part  of  the  watery  vapour 
ing  that  the  oxygen  lost  is  exactly  re-  whksh  is  exhaled  during  expu^tion  is 
placed  by  the  carbonic  acid  grained,  occasioned  by  the  union  of  a  portion  of 
while  others  assert  that  the  carbonic  add  the  oxygen  of  the  air  with  hydrogen 
added  is  less  than  the  oxysen  consumed,  extricatra^by  the  lungs  f^om  the  blood ; 
In  ordinary  respiration,  nowever,  air,  others  assert  that  it  is  absorbed  into  the 
which  has  only  once  visited  the  lungs,  blood,  and  is  lost  in  its  course  around 
has  not  parted  with  all  its  oxygen.  Ac-  the  system ;  and  it  has  likewise  been 
cording  to  Dr.  Goodwyn,  a  quantity  of  said  that  the  alleged  deficiency  depends 
air  taken  into  the  lungs  at  a  single  in-  upon  the  condensation  which  oxygen  ex- 
spiration,  containing  80  parts  of  azote,  periences  by  being  converted  into  car- 
18  oxygen,  and  2  carbonic  acid,  had  its  l>onic  add,  and  is,  therefore,  more  ap- 
composition  altered,  after  the  experi-  parent  than  real.  Tliat  part  of  the  va- 
ment,  into  80  azote,  5  oxygen,  and  13  car-  pour  whkh  is  expired  from  the  lungs 
bonic  add ;  2  parts  of  tm  whole  having  may  be  the  result  of  this  union  of  oxygen 
entirely  disappeared,  and  1 1  parts  of  car-  with  hydrosen,  is  probable ;  but  when 
bonic  acid  having  been  substituted  for  13  it  is  considered  that   upwards  of  20 

I)arts  of  oxygen.  Both  dasses  of  ]^sio-  ounces  of  water  are  exhaled  every  twenty* 
ogists  maintain  that,  whatever  oe  the  four  hours  from  the  lungs  of  an  ordinary 
quantity  of  oxygen  abstracted,  the  quan-  man,  it  would  seem  reasonable  to  ascribe 
tity  of  carbonic  add  formed  is  neany,  if  some  of  it  to  evaporation  of  the  mucous 
not  altogether,  an  equivalent ;  and  that  secretion  of  the  bronchi.  The  absorp- 
this  is  the  case  whether  the  resphred  air  be  tion  of  oxysen  into  the  blood  is  a  subject 
once  or  one  hundred  times  inhaled.  Ac-  which  wiu  oe  hereafter  entered  on ;  and 
cording  to  Menzies,  ^\th  part  of  air  the  supposed  condensation  of  this  gas, 
which  has  been  once  respired,  is  carbo-  when  it  unites  with  carbon,  stands  un- 
nic  add,  and  his  estimate  of  the  quan-  supported  by  adequate  proofs.  It  must 
tity  formed  during  24  hours  is  241 05.6  be  borne  in  mind,  that  tne  same  causes 
j;rains  troy ;  according  to  Lavoisier,  whksh  affect  the  consumption  of  oxygen 
it  amounts  to  17720.89;  to  Davy,  to  have  an  equal  influence  upon  the  forma- 
17811.38  grains  troy.  fVomthe  great  tion  of  carbonic  acid,  and  that,  there- 
discordance  which  exists  between  tm  es>  fore,  every  cdculation  which  is  made  in 
timates  of  Lavoisier  and  Davy,  when  the  present  state  of  this  inquiry  must  l)e 
compared  with  that  of  Menzies,  there  is  regarded  onlv  as  an  approximation  to 
reason  to  believe  that  the  computation  the  truth,  l^he  investi^tions  of  Prout 
of  the  last  has  been  considerably  over-  show  that  carbonic  acid  is  exhaled  i«" 
rated ;  yet,  admitting  it  to  be  ezoes8ive»  different  quantities  during  different  pi 
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nadi  or  Um  da;  ;  and  Fyfe  hu  maea-  longi  dtiitKaiUy  proporttoiwd,   ud  m 

tained  that  its  evaporation  i«  much  de-  censtitutioni    «^«Dtly    formed,   the 

meased  by  the  um  of  wine,  that  it  ta  re-  abstract  fact,  that  one  effect  of  reqiin- 

diwed  to  almort  one-half  by  v<g«l«blB  timi  b  to  dimioirii  tb«  bulk  of  the  av 

Ibod.  and  nearly  to  one-third  by  a  eoune  reapired,  may  be   conadered  cedaio; 

n.    Accoiding  to  Pront,  it  is  bat  the  pre^M  avouiit  of  tbia  decNMB 


nooB  iti  exhalation  gr«£iaUf  deeMMe%  ^        ■'  ^fft^  gi^^,            ^ 

wh«i  it  mnaini  at  iU  UBimnm  unta  ■' 

three  in  the  inonui«.  after  vtaich  tt  in-  Hatins  Men  that  the  o»K«n  of  the  al- 

nniiii  iintil  tirnlTr,  irtiTnilT  irt" iBoiphM«itestentialt«bfei  that  all  an 

ii  attained  ;  so  that  genenl  eondumona  ai«  resjiirable  only  in  propiirlion  as  it 
upon  a  point  hke  this,  when  theexperi-  enters  into  iheir  corshtution;  lh»t  a. 
mente  upon  which  they  aM  (bunded mlf  great  (|uantity  of  it  disappears  dimni; 
be  diaturbed  by  10  many  ramuMtanceit  respiration;  that  it  is  rtplaced  by  an 
oaanot  be  muob  dwended  on.  almost  ccjual  volume  of  carbonic  acid  \ 
»«  .  .  n  ■  _^-  .L  D  n.  ^  and  tl'at  tlie  aiole,  with  which  in  al- 
Effeeit  of  Biaptf^ton  on  the  Bulk  of  ^ogpherie  air  it  is  so  largely  intermixwl, 
•"'P*'™  ■«"■■  is  more  serviceable  as  a  vehicle  for  iti 
Thikb  can  be  Uttle  doubt  that  the  ur  introduction  to  the  lungs  than  for  &ny 
nhich  ha*  been  emnloyed  in  raq>iration  inlrin.sic  properties  of  its  own ; — a  ques- 
suffers  come  duuinulion  in  volume,  tion  naturally  arises,  how  is  (his  oxy^m 
Goodwyn ■apposed  htobe  reduoed  ^th  converted  into  carbonic  acid,  and  what 
in  bulk.  Abemelhy,  on  the  contrary,  effect  has  siich  conversion  upon  the 
asserts  that  its  volume,  instead  of  being  properties  of  the  blood?  We  have  seen 
^minished,  is  increased.  Sir  H.  Davy  that  there  are  two  different  kinds  of 
fcund  that  ttir which  hadpassed Ihrongh  tjlood — venous  and  arterial; — that  »*- 
the  lungs  once  only,  siitiered  a  diminu-  nous  is  darker  than  arterial  blood ;  Ui^t 
tionof  from  ,i,th  to  jttb,  but  that  VL'hea  the  latter,  during  its  circulation  round 
it  had  been  i-epealedly  respired,  it  lost  (he  body,  contr^s  noxious  properties, 
^thof  its  original  bulk  ;  while  Ttioni-  uponwhich  tlie  dark  colour  of  the  fonntr 
son  is  inclined  to  ascribe  any  trifling  depends,  and  by  which  it  becomes  dis- 
vanation  which  may  occur  to  accident  ouaiitied  for  the  purposes  of  life  ;  that 
durillg  the  experiment,  or  to  its  absorp-  these  noxious  properties,  and  lliii  dark 
tion  By  the  lungs,  independenlly  of  re-  colour,  are  abstracted  from  voious 
miration.  blood  during  its  passage  through  the 
An  ordinary  maa,in  a  stale  of  health,  lungs;  and  that  one  great  object  of  re- 
itfound  to  lake  intohis  lungs,  at  an  or*  spiration  is  to  furnish  the  arteries  with 
dioary  )nspijiition,about  40  cubic  inobea  pure,  nubritious fluid,  by  converting  that 
of  air,  all  of  which  we  may  suppose  he  which  was  contained  in  the  veins  into 
afterwards  expels  by  an  ordinary  expi-  arterial  blood.  Now,  although  the  pre- 
ration.  Menzies  has  proved,  that  anar  cise  mode  in  which  this  change  is  sc- 
an ordinary  expiration  the  lungs  can  be  complished  be  still  obscure,  there  is  no 
made  to  expel,  hy  an  increased  effort,  question  thai  the  change  does  take 
70  cubic  inches  more;  and  Goodwyn  place,  and  the  general  principles  by 
has  calculated  that  109  cubic  incjies  wluch  it  is  ett'ecled  are  ascertained. 
still  continue  in  these  orgaoi,  after  they  It  had  been  often  remarked,  Iliat  the 
have  performed  the  very  fullest  expira*  blood  of  the  right  auricle  was  much 
tion.  Bo  that  the  quantity  of  air  con-  darker  than  that  of  the  left,  and  thai  tlie 
tained  within  the  chest  after  an  ordi-  vermilion  red  of  the  latter  seemed  to  be 
naiy  exjuration  is  109 -h  70  cubic  inches  obtained  during  the  pasaageof  the  Wood 
=  179  cubic  inches,  and,  aller  an  ordi-  through  the  lungs.  It  had  been  likewise 
narj  inspiration,  109-f70-f40=ai9  co-  noticed,  as  a  singular  occurrence,  that 
bic  inches.  But  nothing  can  be  mora  the  surface  of  blood  which  ■had  been  e%- 
vonable  than  such  calculations.  One  posed  to  the  air  either  became  or  con- 
man  requires  more  air  than  another,  tinued  red,  while  its  under-surface  re- 
and  the  same  man  will  c(»uume,  under  mained  black.  This  phenomenon  «»• 
dissimilar  circumstances,  different  quan-  however,  explained  away  uiwn  the^pria- 
titles.  As  long  as  there  are  different  ciple  of  diderent  specific  gravilies,-^-the 
^ojiory  conditions   in  beilth  uA  Ua«.W  w  wvvi,htier  portion  falling  tis  th« 


,  during  ease  ud  «uroUi  ia    btAA.Qnv, -iK^tSt  ^e  -i«^  m\v$&ni~ 
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floated  at  the  top ;  and  it  was  not  until  membrane,  of  vhieh  the  air-cells  an 

the  middle  of  tne  seventeenth  oentury  comf>O80d,  is  onJy  ii^vth  part  of  an 

that  the  real  aetion  of  the  air  upon  tlie  inch  in  thickness,  these  experiments  of 

blood  beguk  to  be  peroeived.    By  to-  Priestley  were  held  decisive  of  the  point, 

moving  the  sor&oe  of  blood  which  had  that  the  intervening  membnmes,  whidi 

bin  te  some  time  exposed  to  tiie  air  in  sef»rate  the  ahr  from  the  blood  in  tha 

an  open  wasel.  Lower  discovered  that  air-oells  of  the  lungs,  oould  not  prevent 

the  new  anrfaoe  was  eoon  oonverted  these  fluids  from  acting  on  each  other, 

mto  as  bright  a  red  as  that  poeaessed  But  two  questions  of  interest  still  ro- 

which  he  h«i  previousljr  removed ;  and  mained:  how  did  the  air,  fay  coming  inte 

to  lefiite  the  opinion,  that  the  diffinettt  contact  with  venous  blood,  renSer  it 

BBvitiea  of  different  portions  of  the  arterial  ?-Haid  how  did  blood,  once  ren- 
ood  furnished  an  explanation  of  this  dered  arterial  bv  such  contact,  again 
pJMinomfnon,  he  inverted  cakes  of  co-  beeome  venous  ?  Before  the  time  of 
agulated  blood,  exposing  their. black  Pkiestley,  conjectures  the  most  vague 
undereurfMses  to  tne  air, — ^when  they  were  entertained  respecting  tlie  air*s 
also  speedily  assumed  a  florid  hue.  action  upon  the  blood.  cSie  believed 
The  condusMtts  countenanced  by  these  that  it  communicated  to  it  a  saline 
obeervations  were  rendered  still  more  vapour;  another,  a  volatile  sah;  while 
unquestxmable  by  subsequent  experi-  some  maintained  that  the  blood  received 
ments.  Hewson  iiyected  air  into  ttie  nothing  from  the  air,  but  that  the  air 
veras  of  a  rabbit,  fay  which  its  venous  got  something  from  the  blood.  But 
vras  changed  into  arterial  blood;  and  after  this  sagaek>os  philoso|rfier  had 
Cigna,  by  placing  blood  vfithin  tl^  va-  revealed  the  eompositkm  of  the  atmo- 
cuum  of  an  air-pump,  showed  that  the  sphere,  and  a  better  knowledge  of  the 
reason  why  its  cc^our  remained  un>  laws  of  life  had  displaced  Uie  crude 
diansed  was  its  exclusion  from  tiie  at^  doetzines  of  mere  chtanical  and  mathe- 
mosmMore.  matioal  physiology,  the  real  purposes  of 
Keverthdess,  there  v?as  one  ciroom-  re^iration  became  apparent,  and  the 
stance  winch  appeared,  even  to  those  ajceney  of  the  ahr  upon  the  blood  intelli- 
wfao  were  otherwise  satisfied  with  this  gible.  Gkx)dwyn  enckMed  a  quantity  of 
explanation,  exceedingly  unaeoountable.  oxygen  gas  in  a  g^ass  receiver,  which  he 
Bven  admitting  that  the  florid  colour  of  inverted  over  C[uicksihrer,  and  then  in- 
arterial  blood  depends  upon  the  cfaemieal  trodnoed  into  it  Ibur  ounces  of  blood, 
action  of  inspired  air,  how  can  this  air  winch  had  been  just  drawn  from  the 
gain  access  to  venous  blood  ebreulating  jugular  vein  of  a  sheep,  when  it  in- 
within  the  substance  of  the  lungs,  seeiiy  stuithr  became  florid.  Atmospheric  air 
that  the  membranous  skies  ^  the  av  was  men  substituted  for  oxygen,  the 
tubes  as  well  as  the  membranous  coats  of  colour  of  the  Uood  was  less  speedily 
the  blood-vessels  intervene?  Anexpeii-  effected;  and  when  carbonic  acid  was 
ment  performed  by  Priestkv  completely  employed,  its  odour  was  changed  to  a 
removed  this  difficulty.  **  1  took,**  siqrs  dark  purple.  These  experiments  led  to 
this  philosopher,  '^a  lax]^  quantity  of  results  of  such  interest,  that  their  ac- 
bladc  blood,  and  put  it  mto  a  bladder  curacy  was  at  first  Questioned ;  but 
mobtened  with  a  little  serum,  and,  being  carefully  repeated  and  frequently 
tying  it  very  close,  buns  it  in  a  fi«e  varira,  it  came  at  length  to  be  established 
exposure  to  the  air,  thou^  in  a  quiea-  as  a  fsct,  which  at  present  all  admit, 
cent  sti^  end  the  next  day  I  found,  that  the  constituent  of  atmospheric 
upon  examination,  that  all  the  lower  air  which  converts  venous  into  arterial 
surface  of  the  bkxMt  wluch  had  been  blood,  ia  oxygen, 
separated  from  the  common  air  by  the  _.  j>  jx  d  -  y  ^  ^*  ^.t 
hiUiWntionofthebUdder,andl^^  Theory  qf  ilis  RecwrocalAcUan  qf  the 
a  little  serum,  had  acquired  a  ooatinK  of  Atr  ana  ISiood. 
a  florid  red  cok>ur,  and  as  thick,  I  oe-  By  mixing  arterial  blood  with  car- 
lieve,  as  it  would  have  acquired  if  it  had  borne  add,  it  is  found  to  assume  a  ve- 
l>een  immediatdy  exposed  to  the  open  nous  hue;  by  mixing  venous  blood  with 
air;  so  that  the  membrane  has  been  no  oxygen  sras,  the  arterial  aspect  is  re- 
impedunent  to  the  action  of  the  air  upon  stored.  The  inference  has  just  been  stated, 
the  bk>od.*'  This  experiment  was  re-  that  the  prindple  whu>h  renders  arterial 
peated  without  previoudy  moistening  bk>od  venous  u  carbonic  %&>^  ^  ^^sax 
thTbladder,  and  with  the  same  i^&  oxygen  i»  Vhe  %i?ai\.  \*«j  ^\^  ^^ws* 
Noir,  as  idm^imd  try  Hales  that  te  ia  oonverteA  into  i«N»m^  >^^^      ^ 
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cartKmic  acid  is  composed  of  oxygen  of  the  juices  to  putrefaction,  we  may,  I 

and  carbon,  and  as  it  ia  certun  that  oxy-  think,  safely  conclude  that  the  change 

gen  is  ttiearterialiiine  principle,  it  Is  OD-  which  the  blood  undergoes  in  the  opS- 

vious  ttuit  carbon  is  the  aaiy  part  of  this  laries  arises  from  its  impregnation  with 

ftdd  ntiich  can  deterioiKte  the  blood.  It  this  orinciple.    And  as  the  absonitioii 

has  been  shoim  that  tlw  oxygen  of  in-  of  innammableair.or  its  basis  (carbon). 

s[»red  air  is  converted  into  carbonic  acid  is  the  cause  of  the  change  which  is  pro- 

dming  its  stay  in  the  air-cells ;  that  (he  duced  in  the  colour  of  the  blood  during 

remoral  of  carbon  from  venous  blood  its  circulation  through  the  capillaries, 

renders  it  arterial ;  and  that  caHjonio  we  may  also    conclude  that  wlien  fba 

Mid  is  composed  of  ox^en  and  carbon,  blood  again  recovers  its  florid  colour  in 

It  isareasonable  inference,  Ihat  the  car-  the  lungs,  the  inflammable  principle  is 

boiuo  acid  expired  from  the  lungs  results  detached." 

from  a  union  of  the  carbon  of  venous  Although  tlie  genera!  groundwork  of 
blood  with  the  oxygen  of  inspired  air.  this  theory  is  considered  sound,  it  as- 
HowOT  where  this  union  is  accomplished  sumes  some  points  which  are  either  hhe 
it  is  somewhat  difficult  to  determine,  or  insufficiently  supported.  It  supposes 
Some  suppose  that  the  oxygen  of  the  that  the  blood  does  not  receive  ilit  ear- 
air  attracts  the  carbon  of  the  blood  from  bonizing  principle  until  it  reach  the  ex- 
the  minute  branches  of  the  pulmonary  treme  capillaries  of  the  aortic  system, 
ulery,  and  that  these  elements  unite  in  But  Mr.  Hunter  has  proved  the  con- 
tbe  air-cells ;  by  others,  it  is  maintained  trary.  Having  exposed  the  carotid 
that  the  carbon  of  the  blood  atfracfa  the  artery  of  a  dog  and  passed  two  ligaturea 
oxjrgen  from  the  wr-ceils,  and  that  they  around  it,  at  the  distance  of  two  inches 
unite  in  the  blood  vessels.  In  the  one  from  each  other,  he  punctured  the  in- 
case, it  is  conjectured  that  carbon  is  ex-  eluded  vessel  after  the  expiration  of 
haled  from  the  blood  into  the  air  cells,  some  hours,  when  dark-pttrple  blood 
where  it  meets  with  the  oxygen  of  the  issued  from  the  puncture;  proving 
inspired  air,  and  is  there  converted  into  that  arterial  blood  may  be  rendered  ve- 
oanxmic  acid ;  in  the  other,  it  is  argued  nous  without  passing  into  either  a  ca- 
that  oxygen  is  inhaled  from  the  air  cells  pillary  vessel  or  a  vem.  The  same  fact 
into  the  blood,  where  it  meets  with  the  was  shown  by  Hassenfrati.  A  number 
carbon  of  venous  blood,  and  is  there  of  glass  tubes  were  filled  with  arterial 
converted  into  carbonic  acid,  which  is  blood,  and  hermetically  sealed ;  the 
thrown  out  into  the  wr  cells  during  the  blood  gradually  began  to  change  colour, 
blood's  passage  through  the  lungs,  and  after  some  time  became' perfectly 
Both  doctrines  have  been  espoused  by  pumle.  It  likewise  supposes  that  the 
men  of  equal  talents,  and  many  striking  carbon  of  venous  blood  ts  attracted  from 
arguments  have  been  adduced  in  sup-  the  vessel  which  contains  it  by  the  oxy- 
prart  of  each.  The  former  boasts  the  gen  of  the  air-cells ;  but  many  facts  and 
names  o(  Priestley,  Lavoisier,  and  Craw-  appearances  could  be  advanced  deei- 
ford;  the  latter  is  mainltdned  by  La  dedly  favourable  to  another  view,  M. 
Grange,  Davy,  and  Edwards.  "It  is  Voeel  placed  a  quanUly  of  venous  blood 
well  known,"  says  Crawford,  "  that  the  within  the  receiver  of  an  air-pump,  and, 
Uood  undergoes  a  remarkable  change  havingexhausled thereceiver.aquantity 
Df  colouTwhen  circulating  in  a  living  of ^ wasseentoescape  from thcblood, 
anima] ;  for  the  vivid  arterial  blood,  in  which  proved  upon  examination  lo  be 
its  passage  through  the  capillaries  to  the  carbonic  acid.  But,  as  the  existence  of 
venous  y stem,  acquires  a  deep  and  livid  carlwnic  acid  in  the  blood  supposes  the 
hue,  and  again  resumes  its  light  and  presence  of  oxygen,  and  as  the  lungs  are 
florid  colour  in  the  lungs.  Dr.  Priestley  the  most  likely  organs  through  which 
has  proved  that  similar  alterations  are  this  gas  could  gain  entrance  into  the 
prodiiced  m  the  colour  of  the  blood  by  circulation,  this  experiment,  which  has 
exposure  lo  pure  and  inflammable  (car-  been  verified  by  Sir  E.  Home,  must  ap- 
honic add  gas)  air.  Since,  therefore,  pear  decisive  as  lo  the  introduction  of 
the  arterial  blood  undergoes  the  same  oxygen  into  the  blood.  The  following 
change  of  colour  in  Ihe  capillaries  that  experiment  of  Edwards  is  in  support 
it  lulfers  by  exposure  to  inflammable  of  the  same  view.  He  confined  some 
•  since  it  has  an  attraction  to  that  frogs  in  hydrogen  gas.  and,  by  using 
■  and  since  the  separation  of  in-  certain  precautions,  succeeded  in  making 
abJc  air  from  animal  sxibstawcea  ttvem  T«4^nie  it  for  some  lime.  When 
lofed  by  heat  and  by  the  tendein;^  ttit  \i^4io^en,  -wii,  ci,Ma\\i«i  «Si.«  y^e 
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experiment,  a  quantity  of  carbonic  acid,  form  by  this  union  carbonic  acid  is  also 
of  nearly  equal  volume  with  that  of  the  certain,  from  the  fact,  that  this  acid  is 
animals  themselves,  was  found  mixed  generated  in  proportion  as  they  disap- 
with  it.  Some  of  the  oxygen  which  pear ;  and  that  the  superior  properties 
formed  this  acid  may  have  been  within  of  arterial  over  venous  blood  must  re- 
the  air-cells  of  the  frogs*  lungs  before  the  suit  from  this  union  is  established  from 
experiment ;  but  the  quantit]^  of  acid  the  necessi^  of  arterial  blood  for  the 
found  after  the  experiment  is  mcompa-  purposes  of  life,  and  the  necessity  of 
tible  with  the  supposition,  that  all  the  oxygen  for  the  formation  of  arterial 
OJEygen  required  for  the  formation  of  blood.  What  part  of  the  blood  this 
this  acid  could  be  derived  from  this  oxygen  acts  upon,  whether  on  the  co- 
source,  lourm^  matter,  fibrin,  albumen,  or  se- 

In  the  present  treatise,  however,  it  is  rum,  is  a  question  of  curious  interest, 

impofsible  to  enter  into  the  merits  of  but  of  too  abstruse  a  nature  for  discus- 

this    controversy  with    a    minuteness  sion  in  the  present  place;  and  how  the 

proportioned  to  its  interest     We  can  blood,  during  its  circuit  round  the  body, 

only  observe,  that  the  theoir  of  La  is  so  oonstantljr  and  so  largely  supplied 

Grange,  which  maintains  that  toe  venous  with  carbon,  ii  a  subject  of  inquiiy, 

blood,  when  it  arrives  at  the  lungs,  ab-  which  wiU  come  more  aptly  before  ua 

sorbs  a  Quantity  of  the  oxygen  contained  when  we  treat  of  the  functions  of  the 

irithin  the  air-cells;  that  this  oxygen,  absorbent  system, 
during  its  circulation,  comlnnes  with  the 

accumulating  carbon  of  the  venous  cur*  Tneory  c^  Animal  Heat, 
rent,  and  forms  carbonic  acid;  that  this  Whilb  considering  the  phenomena  of 
carbon  may  enter  the  circulation  at  any  life,  it  was  observed  that  one  of  the  most 
period  of  its  progress ;  that  by  the  time  characteristic  attributes  of  a  living 
it  arrives  at  the  ru;ht  side  oi^the  heart  being  is  its  fiiculty  of  resisting  ex* 
it  has  so  increase^  that  the  welfare  of  tremes  of  temperature.  The  porpoise, 
the  system  renders  its  expulsion  neces*  wluch  lies  buned  beneath  mountams  of 
aary ;  and  that  with  this  view  it  is  polar  ice,  is  as  warm  as  any  of  its  own 
.thrown  out  into  the  air-cells  of  the  lungs  species  which  may  be  swimming  beneath 
in  the  form  of  carbonic  add ; — ^is  more  the  Line ;  the  Ethiopian,  who  scorches 
consonant  with  common  obseryatioii,  beneath  a  vertical  sun,  and  the  Lap* 
jnore  consistent  in  point  of  principle,  lander  who  is  cradled  in  the  snowy 
explains  the  greatest  number  of  difficul-  bosom  of  the  North,  enjoy  the  same  de- 
ties,  and  is  supported  by  the  strongest  gree  of  animal  heat;  man,  wherever  bom, 
facts.  It  explains  how  arterial  blood  can  go  through  the  wide  range  of  exter- 
may  be  rendered  venous  without  leaving  nal  temperature  which  lies  Mtween  tiie 
the  arteries ;  how  venous  blood  becomes  freezing  and  the  boiling  points,  without 
darker  as  it  approaches  the  lunn ;  how  undergoing  the  slightest  alteration  in  that 
that  oxygen  is  disposed  of  for  which  the  of  his  own  body.  But  a  tendency  to  an 
carbonic  acid  does  not  account ;  how  equilibrium  is  a  law  to  which  caloric  ia 
carbonic  acid  can  be  extricated  from  uniformly  obedient :  there  must  be, 
blood  under  the  receiver  of  an  air-pump,  therefore,  a  constant  evolution  of  this 
or  exhaled  by  animals  while  respuring  a  substance  from  the  surface  of  the  hu- 
ffas  which  is  destitute  of  oxygen ;  and  man  bodv,  and  a  constant  effort  on  the 
£ow  caloric  is  so  evolved  during  the  cir-  part  of  the  surrounding  atmosphere  to 
dilation  of  the  blood,  as  to  maintain  reduce  its  temperature  to  a  levd  with 
every  part  of  the  body  in  a  uniform  de-  its  own.  Did  this  law  operate  on  man 
gree  of  temperature.  without  some  countervailing  influence, 

Considenng  that  the  great  object  of  and  were  he,  at  the  same  time,  subjected 
resjnration  is  to  enable  the  carbon  of  to  the  vicissitudes  of  temperature  to 
Tcnous  blood  to  enter  into  chemical  com-  which  he  is  now  obnoxious,  his  circula- 
bination  with  the  oxy^  of  the  atmo-  tion  would  be  interrupted  or  arrested; 
sphere,  it  must  be  admitted  to  be  of  little  at  one  time  his  fluius  would  be  con- 
consequence  whether  the  carbon  unite  gealed,  at  another  evaporated,  and  the 
mUi  me  oxygen  in  the  air-cells,  or  in  the  current  of  life  would  flow  unequally,  or 
blood-veflods.  To  bring  about  their  union  would  wholly  cease.  To  avoid  such 
28  the  important  point,  and  that  they  do  consequences,  a  certain  temperature  is 
vnite  is  certain,  from  the  disi4)pearaiioeof  preserved,  with  an  almost  perfect  unl- 
both— of  carbon  from  venous  blood,  and  fonmty,  a»d  m  «Sl  waxnaSa*^  >&^«^2. 
of  oxy^m  frmninspired  sir;  that  they  do    wbsJt  ibw*  \iasXoiS!s»  xM^>MBkNa.^«wM 
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thev  lira.  The  ammgemeDt  by  which  this  tion,  HidcoiiibiiitioB,lot^o«eapiedad 

mufomitr  of  temperattue  is  maintained  obscured  the  mmdi  of  iriiyiiok»gi«ta ; 

is  K  perfect  m  itscd(  and  so  iteady  in  and  even  when  these  vagne  coqeetann 

its  operation,  that  no  ordinaiy  d^ree  had  sunk  into  merited  contempt — wtin, 

of  external  heat  or  cold  can  matfTially  at  lengtti,  it  wie  e)««i^  seen  and  gatt- 

aflect  Lt.    It  is  true  that  a  degree  more  rally  aetinonledged  tiwt  there  trta  a 

or  less  may  occasioaally  rrault  bom  dose  and  inseparable  coanezjoobetwetn 

a  sudden   exposure   bo  jp^eat   vidssi-  animal heatandrespiration,  stiU,Hiena- 

hides ;  but  such  an  elevation  or  depres-  tnre  of  Otat  comiexKM  remained  whoUf 

sion,   even   when   it  does   occur,  la  as  unknown.     A-^suminj  this  ri-ldionship 

trifling  OS  it  is  transient.  aa  established,  Crawford  had  the  ere*! 

This  phenomenon  was  formerly  re-  ineril  of  founding  upon  it  a  theory,  whidi 

solved  iolo  an  ultimate  law  in  the  ani-  for  simplicity  aral beauty  is   scansly  to 

mal  economy ;  but  it  is  now  proper  to  be  exceeded  by  any  that  adorn  Ibe  his- 

endeavour  to  shew  how  animal  heat  tory  of  science,     ll  is  a  general  law,  to 

is  elaborated  in  the    system,   and  by  which  there  appears  to  be  no  exception, 

what  phyMcal  means  its  uniformity  is  that  oxygen  cannot  combine  with  carbon 

preserved.     As  soon  as  the  general  na-  without  evolving;  heat :  it   is  proved  by 

ture  of  respiration  was  undersfood,  and  experiment  that  venous  blood  bus  a  less 

itsTariousconditionsindiSerentanimals  capacity  for  heat  than  arterial  bbod: 

were  discovered,  two  circumstances  were  when  venous  blood  becomes  arleriil,  its 

observed  to  be  invariable  in  their  occur-  sensible  heal  remains  unaffected,  but  its 

rence,  and   innepanble  in  (heir  concur-  specific  heat  is  increased,  and  (herefow 

rence.     It  was  found  that  all  those  ani-  a  constant  supply  of  fresh  caloric  u  le- 

mals  which  breathe  have  a  temperature  quired  to  maintain  venous  blood,  of  a 

tiigber  than  that  of  the  medium  in  which  given  temperature,  at  the  same  tempera- 

they  live,  and  that  this  excess  is  strik-  ture  when  it  is  converted  into  arleriaL 

ingly  proportional  lo  the  quantity  of  air  Now,  it  is  maintained  by  Crawford,  that 

respired.     The  temperature  of  the  slug-  this  supply  of  frtsh  caJoric  is  alforded 

worm,  which  breathes  williin  the  bowels  in  the  lungs  by  the  union  of  the  oxymn 

ofthe  earth,  and  the  respiratory  function  of  the  air  with  Ihe  carbon  of  the  blood; 

of  which  must  be  necessarily  so  impcr-  that  the  caloric  generated  by  this  che- 

fect,  is  two  or  three  degrees  oniy  above  mical  combinabon  is  entirely  consumed 

that  of  the  clay  which  surrounds  it  i  on  in  satisfying  the  increased  capacity  of 

the  other  hand,  the  beat  of  birds,  which,  arterial    blood  for   heat;  tliat,   conse- 

of  all  animals,  consume  most  air,  is  of  quently,  Ihe  temperature  of  the  lungs  is 

all    animals   the  Kreatesl.      When  the  no  greater  than  that  of  the  heart,  or  of 

temperature    of    the    atmosphere  was  any  oilier  organ ;  that  as  the  blood,  «r- 

66°,  Mr.    Hunter   found   that    of    the  tenaliied   in   the   lungs,  in   circulalio* 

earth-worm  tobe58°5';  whilethether-  through  the    body  gradually  becomis 

mometer  rose  to  140°  when  inserted  into  venous,  ils  capacity  for   caloric  diim- 

the  body  of  the  common  fowl,    Aath-  nishes ;  that  as  its  capacity  for  caloric 

jnalic  patients,  whose  lunpia  either  take  diminishes,  heat  is  evolved ;   and  that  ia 

in  an  insufficient  quantity  of  air,  or  in-  this  manner  every  part  of  the  sj-stem  ii 

efficiently  act  upon  the  air  received,  are,  const nnlly  maintained  in  an  equal  degree 

in  general,  some  degrees  cooler  than  such  of  temperature. 

as  have  a  healthy  pubnonary  system;  To  tlie  establishment  of  this  ingenioM 

birds,  while  in  a  slate  of  torpor  during  theory,  il  is  necessary  only  to  prove  two 

winter,  are  nearly  as  cold  as  they  are  Ihings:  first,  that  oxygen  cannot  unite 

inert ;  and,  in  a  word,  so  universal  is  this  with  carbon,  lo  produce  carbonic  a64 

connexion   between   the   generation    of  without   the  evolution  of  beat ;  and  se- 

animal  heat  and  the  consumption  of  air,  condly,  that  the  capacity  of  itrterial  blood 

that  Ihe  degree  of  perfection  in  which  for  heat  is  greater  than  that  of  venoiM 

the  respiratory  apparatus  exists  in  dif-  blood     The  establishment  of  the  Gitf 

fcrent  animals  is  a  certain  index  of  their  point  is  essential,  liecnuse  it  is  neceswff 

temperature,  and  then-  temperature  of  to  expl^n  Ihe  sourt*  of  .    '      ■'^^ 

their  respiratory  function.  while  Ihe  proof  of  the                         „ 

_  Striking  us  these  facta  appear,  and  ob-  indispensable  to  aecoui            .j, .        m 

vious  as  the  interence  now  seems  to  distribution. 

which  they  point,  it  was  long  before  The  first    poii                               ^ 

lAftt  inference  was  drawn.    Cot'piucuL&r  milled :  for  whet                               o^ 

■^racljon,  vascular  friction,  fcrmfcivVa.-  >i'i»6aB,  tenawi;                              ;^ 
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nhuKtion,  or  any  other  process  in  which  Uood  for  heat ;  that  this  latent  heat  of 

earbonic  acid  is  produced,  heat  is  in-  arterial  blood  is  rendered  sensible  during 

imriably  ^ven  out,  and   the   amount  the  circulation  by  the  gradual  conver- 

of  carbonic  acid  formed  is  a  tolerably  sion  of  arterial  into  venous  blood,  and 

•ecurate  measure  of   this  increase  of  that  when  the  blood  has  become  as 

ttemperature.    But  it  has  been  proved  highly  venalized  as  possible,  and  all  its 

that  the  lungs  are  manufactories  of  car-  latent  heat  has  become  evolved,  it  re- 

bonic  acid,  and  that  the  quantity  of  ceives  a  fresh  quantity  in  the  lungs 

oiygen  abstracted  from  respired  anr  is  during  the  combination  of  its  carbon 

replaced  by  very  nearly  the  same  quan-  with  the  oxygen  of  inspired  air*. 

a  of  this  acid;  therefore,  when  it  is        «  . ,.     .    „  -  ^      -„      .    ,. 

Ted  that  respiration,  like  combos-  Subordtnaie  Effects  of  Respiration. 

tion  or  fermentation,  is  a  calorific  pro-  Thb  purification  of  the  blood  and  the 

oets,  the  infierence  is  not  only  supported  generation  of  caloric  are  certainly  the 

by  strong  analogies,  but  ^undecl  upon  irst  and  the  most  important  effects  of 

a  steady  and  settled  principle.  respiration ;  but  beyond  these  there  are 

The  second  point  is,  perhaps,  less  cer-  many  other  objects  which  it  serves.     It 

tunly  established.    It  is  true  that  arte-  is  by  it  that  we  are  capable  of  voice  and 

ml  blood  is  generaUy  allowed  to  be  one  speech ;  it  is  through  it  we  derive  the 

€r  two   degrees  warmer  than  venous  mostvaluablepaitof  social  intercourse; 

Uood ;  but  when  the  great  quantity  of  it  is  to  it  we  owe  the  inestimable  advan- 

ealoric,  which  the  formation  of  so  much  tages  that  result  from  the  communi- 

earbome  acid  within  the  lungs   most  cation  of  thought;   and  ^  ezquinte 

evolve,  is  considered,  this  trifling  eleva-  pleasures   that  flow  from  harmonious 

tbn  of  temperature  in  arterial  Mood  can  Tocal  sounds,  and  from  the  still  sweeter 

be  scarcely  deemed  sufficient  to  account  accents  of  afifection. 
ftr  it    Some  have  considered  this  cir-        It  has  been  observed  by  Aristotle,  that 

omnstaiioe  sufficient  to  overturn  Craw-  such  animals  only  as  possess  lungs  have 

ioard's  theory,  and  certain  experiments  a  true  voice  ;  and  this  opinion  the  expe- 

opon  decapitated  animals  have  encou-  rienoe  of  modem  naturalists  confirms. 

rSgtd  others  to  maintain  that  animal  It  is  true  that  man^  insects,  and  some 

hit  is  a  secretion  depending  upon  the  other  tril)es  of  inferior  beings,  can  emit 

ivain  and  nerves.    But  the  aidmitted  certain  sounds;  but  these  sounds  de- 

ftiets  that  oxygen  has  a  in'eater  capacity  pend  upon  vibrations  of  the  air,  pro- 

flbr  heat  than  carbonic  acid;  that  carbonic  duced  l^  the  agitation  of  tiieir  external 

Mid  is  never  generated  without  being  oigans,  and  not  upon  any  specific  vocal 

accompanied  by  the  evolution  of  caloric ;  mechanism. 

fliat  carbonic  acid  is  found  in  profbse  Attempts  have  been  made  to  ascertain 
q[iiaiitity  during  respiration,  while  an  how  niany  varieties  of  tone  the  human 
oqual  or  greater  quantitjf  of  oxygen  is  voice  is  capable  of  emitting.  HaUer 
eonsumed ;  that  young  animals  generate  could  articulate  during  one  minute  no 
tfia  least  heat,  while  they  use  Uie  least  &wer  than  1500  letters;  and  as  the  ar- 
ozvgen ;  that  the  temperature  of  hyber-  ticulation  of  each  letter  required  the 
wnmg  animals  is  but  a  slight  desree  action  of  many  muscles,  several  thou- 
abofc  the  medium  in  which  they  live;  nnd  distinct  contractions  and  relax- 
flHi  the  temperature  of  all  animate,  ationsmusthave  been  performed  in  that 
iHwther  hot  or  cold-blooded,  is  directly  period.  Dr.  Barclay  observes,  that,  as 
noportional  to  the  quantity  of  oxjgm  the  musdes  of  the  laiynx  are  at  least 
nnired;  and  finally,  that  thoae  very  tevenpairs,  fourteen  muscles,  which  can 
penoda  in  the  day,  during  whidi  oxygen  act  separatdy  or  in  unison,  are  capable 
m  inspirsd  in  matest  quantity,  are  the  of  producing  16^83  diffinrent  move- 
wry  pcnods  when  animal  temperature  ments,  without  bringing  into  the  calcu- 
attains  its  highest  point ; — all  such  fiicts  lation  the  different  degrees  of  force,  or 
Omd  they  could  be  much  extended)  must  the  infinitely  varied  onler  of  succession 

be  hdd  strongly  favourable  to  the  mla>     — 

cnees,  that  the  union  of  the  oxygen  of  w!l![l?^£'li'^Zi*l'tT^?**?"  **^  *"*?!} 

tDO   aor  With  ine  carbon  of  the  blood  is     braatifU.  nperimmiU  have  bMa  perforaMd  by  Dr. 

iWfwsrily  productive  of  heat ;  that  this    Wiboq  Pkiiip  ud  otbm,  from  which  it  hM  bMn 

nmtL,...    ^^..^  ^.i»;««.  «<.^«.:^^rvM  .    «k«*     toferred  that  «niin«l  beat  waprridact  of  iecrBaott; 
anon  occurs  dunng  respiration  ;    that     .a^  that,  Uka  other  •ecretlont.U  is  rery  moeh  under 

Inn  caloric  fOI  mod  by  respiration  is  either     tho  mioeaae  of  the  Bem>at  afsiem.    In  tUU^V%M^ 

rii^  or  altogether  expended  in  «tit.    ^SLli',;?^^!^^^^^*?^^ 
fpng  the  mereased  ca|MCJty  of  aitenal    tui 
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in  which  they  may  be  occBsianally  made  ceeJiogly  porous,  and  is  intemtlly.  in 
lo  act  But  in  addition  to  these  proper  close  contact  with  a  very  vascular  mem- 
vocal  muscles  be  enumerates  fifteen  brane,  which  forms  the  extional  «5- 
other  pairs,  which  are  dther  employed  velope  of  the  contents  oftheeg^.  Thii 
in  preserving  the  articulation  of  the  membrane  ^rcuktes  more  blood  than 
leiynx  steady,  or  in  regulating;  their  ia  devoted  to  the  body  of  the  dic^ 
general  movements,  as  occasion  may  and  b  separated  at  the  greater  end  tk 
require.  These  fifteen  paii-s  of  muscles,  the  egg  mto  two  layers,  which  form  i 
when  acting  alone,  are  susceptible  of  circular  space,  or  bag,  that  ia  fUled  with 
1,073,741,823  different  combinations,  air.  This  bag,  or  air-cell,  is  at  fintnot 
and  when  co-operating  with  the  succeeds  mcve  than  a  quarter  of  an  inch  in  dik- 
ing seven  pairs,  give  llie  following  num-  meter,  but  as  incubation  proceeds  it 
ber,  17,59u,l8G,044,'115,  as  a  gross  esti-  progressively  enlarges,  and  towards  the 
mate  of  the  different  varieties  of  move-  close  of  the  process  occupies  a  very  con- 
menlwhichthedifferentpartscomposiog  siderable  poilion  of  the  general  cavil;, 
the  human  larynx  arc  capable  of  pro-  Now,  Spallanzani  has  ascertained  th^ 
ducmi;.  But  each  of  these  movements  eggs  freely  absorb  oxygen  from  the  at- 
Kill  dicit  a  distinct  tone  of  voice;  and  mosphere,  that  thedegreeofthisabsorp- 
when  it  Is  considered  that  each  move-  tion  is  directly  as  the  quantity  of  animal 
Dent  may  be  variously  modified  in  in-  matter  they  contain,  and  that  the  air 
tensity,  and  not  only  so,  but  that  these  enclosed  within  these  air-cells  betrays  s 
■everal  modifications  of  movement  may  deficiency  of  oxygen  and  an  excess  of 
be  indefinitely  combined,  il  b  obvious  carbonic  acid.  It  is,  therefore,  believed 
that  no  limit  can  be  ascribed  to  the  that  the  conversion  of  venous  into  u- 
tan^  of  the  human  voice,  and  that  the  terial  blood  during  incubation  is  ac- 
varieliesof  its  tonescannotbe  numbered,  complished  by  bringing  the  blood,  as  il 

ro_(„)  u   !.„<■*   I    r     »»_-_  «■-  deteriorates,  to  this  vascular  membrane 

Fmtal  SuUMultfor  Re^tration.  ^^^^  j^^^^'y,^  ^^^,1^  „^^  j,  -^  ^^^^ 

If  the  lungs  be  organs  of  such  vital  in-  by  the  air  which  enters  through  the 

fluence  that  respiration  is  indispensable  pores  with    which    the    shell   is  per- 

tolife.thet  animals  of  the  simplest  con-  mealed.    This  vascular    membrane  ij 

struction  require  air,  and  that  corporeal  equivalent  to  the  minute  rnmitications 

vigour  and  mental  energy  are  intimately  of  the  pulmonary  artery  in  man,  and 

connected  with  the  due  axterialiEation  of  the   porous  shell  is  a  counterpart  to 

the  blood,  it  may  appear  singular  that  the  ^valls  of  the  air-cells  of  the  human 

the  young  of  all  animals,  whetlier  ovi-  lungs.   The  former  furnishes  a  sufficient 

parous  or  viviparous,  do  not  respire  be-  surface  whereon  tlie  venous  blood  may 

Ibre  birth,  and  that  their  blood  expcri-  be  spread,  and  the  latter  a  convenient 

fpices  no  alteration  in  their  lungs.  While  medium  through  whidi  the  oxygen  of 

the  chick  is  enclosed  within  the  egg,  it  the  external  au:  may  exert  its  peculiar 

poasesies  a  sanguiferous  system  as  mi-  influence  upon  this  fluid.    Air  is  as  ej- 

nute  as  after  incubaUon  has  been  com-  senlial  lo  the  progress  of  an  incubated 

pleted  J  its  arteries  carry  red  and  its  veins  egg,  as  to  the  existence  of  the  chick  ailer 

purple  blood:  and  the  f(Btus,  while  in  the  shell  is  broken;  and  notbi^ more 

Its  mother's  womb,  is  freely  and  faith-  is  necessary  to  arrest  this  pn>cess  by 

fully  supplied  with  this  vital  fluid  in  a  suffocating  the  chick,  than  to  exclude 

purified  stale.    During  fojtal  life,  seere-  the  external  air  by  closing  the  pores 

tion  and  absorption  are  regularly  per-  of  the  shell  with  oil. 

formed,  nulritive  matter  is  deposited,  ex-  In  the  young  of  aquatic  animals,  va- 

(srementitiuus  particles  are  removed,  and  rioua    contrivances    are  employed    lo 

■the  blood  experiences  the  same  kind  and  oxydate  the  blood  in  consistency  with  the 

amount  of  alteration  during  its  journey  medium  they  inhabit  j  and  in  the  human 

round  the  system  it  supplies,  as  is  wit-  fittus,  a  vascular  organ  called  placenta. 

nessed  after  hnth.     How,  then,  is  the  which  in  office  is  similar  to  the  Uning 

EODOus  carbon,  whicli  is  ever  aduUe-  membrane  of  tiie  egg,  u  considered  the 

rating   the    vital   cunent.    absb-acted  foeinl  substitute  for  rfsnir^ti™      This 

from  the  blood? — where    is    oxygen  organi       im         ^i- -                wodis- 

procured   to  convert  it  into  carbonic  tinct  i        i           od-ves               lanited 

acid? — and  if  carbonic  acid  be  formed,  from  «_.              bv  i                   cells. 

how  is  it  expelled  ?    In  the  incubated  One                   -                            led  lo 

^g,  this  seems  to  be  accomplished  in  '                                              ngs  lo 

toe  folloning  way :   the  ahell  ii  ex-  ^a 
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TO  the  umbilical  cord,  and  belongjs  tent  of  power,  brings  every  resource  of 
i  system  of  the  child.  The  vessels,  the  system  into  full  operation  ;  while,  in 
fore,  which  supply  the  child,  and  old  age,  functions  no  longer  necessary 
which  connect  these  vessels  with  are  gradually  withdrawn,  and  organs 
lother,  are  perfectly  distinct.  In-  which  have  ceased  to  discharge  duties 
n  poured  into  the  one  set  will  not  no  more  required  insensibly  decay.; 
into  the  other,  and  the  communi-  The  machinery  by  which  this  repara- 
1  which  they  enjoy  is  maintained  tive  system  is  conducted  is  extensive  and 
through  the  interposition  of  eel-  complex.  Nutritive  matter  taken  into 
cavities.  Now,  it  is  within  these  the  stomach  is  there  converted,  as  we 
ar  cavities  that  the  work  of  oxy-  have  seen,  into  chyle ;  chyle  is  converted 
1  is  supposed  to  go  on ;  but,  whe-  by  the  lungs  into  blood ;  blood  is  carried 
hese  cells  possess  the  prerogative  to  every  part  of  the  system,  and  in  every 
iorbing  carbon  from  the  foetal  ves-  part  of  the  system  is  changed  into  those 
rhich  lie  on  one  side  of  them,  and  substances  which  are  necessary  either 
jn  frotu  the»  maternal  vessels  wliich  for  its  growth  or  reparation.  Wherever 
y  on  the  other,  or  whether  of  them-  muscle  is  required,  muscular  fibre  is 
I  they  exert  some  change  upon  deposited ;  where  bone  is  needed,  ossiHc 
IS  blood  equivalent  to  oxydation,  particles  are  laid  down  in  the  requisite 
)resent  unknown.  Argument  may  form  and  in  the  desired  order ;  where  it 
ed  in  support  of  either  view  ;  but  is  necessary  to  construct  celliQar  tissue, 
ivestigation  is  so  incomplete,  that  it  or  to  deposit  fat,  albuminous  and  oily 
i  be  vain  to  attempt  to  anticipate  matter  are  provided.  Hie  process  by 
ult,  which  careful  experiment  and  which  these  different  substances  are  eli- 
nt  research  can  alone  obtain.  One  minated  from  the  blood  is  termed  iecre* 
nstance  only  is  known  with  cer-  Hon ;  that  by  which  they  are  removed 
,  that  the  blood  which  the  child  when  no  longer  useful  is  called  absorp- 
to  these  cells  is  venous,  that  the  lion:  the  result  of  both  actions  com- 
which  it  receives  from  them  is  bined  is  denominated  nutrition.  The 
al,  and  that  the  alterations  which  first  process  is  preparatory  to  the  second, 
mgs  are  destined  to  work  upon  and  both  are  essential  to  the  third, 
iuid  after  birth  are  effected,  during  Were  the  old  particles  not  regularly  re- 
life,  by,  or  at  least  through  the  moved,  new  particles  could  not  be  regu- 
ita.  larly  deposited  ;  and  were  not  fresh  nu- 
vin^  now  concluded  our  description  tritive  matter  ready  for  deposition  as 
e  three  great  functions  of  life —  absorption  proceeds,  emaciation  would 
tion,  circulation,  and  respiration ;  be  the  first,  and  death  the  ultimate  and 
ig  shown  how  the  food  is  converted  the  speedy  result, 
nood,  how  the  blood  is  circulated  How  the  chyme  is  elaborated  in  the 
gh  the  body,  how  the  noxious  qua-  stomach  by  the  gastric  juice,  how  the 
with  which  it  becomes  tainted  chyme  is  converted  into  chyle  in  the 
g  its  journey  are  removed,  and  its  duodenum,  how  the  chyle  is  arterialized 
r  maintained,  it  will  be  necessary  in  the  lungs  by  the  action  of  the  air,  and 
insider  the  ultimate  design  of  such  how  the  artenalized  blood  is  transmitted 
aborate  system,  to  investigate  the  by  the  blood-vessels  to  every  organ  in  the 
n  why  blood  must  be  so  freely  sup-  body,  have  been  already  shown ;  but  it 
by  the  stomach,  so  constantly  cir-  still  remains  to  be  explained  how  this 
>d  by  the  heart,  and  so  regularly  common  fluid,  which  exhibits  the  same 
ed  by  ttie  lungs.  And  this  brings  properties  inevery  part  of  the  circulation, 
the  subject  of  secretion.  can  be  convertea  into  bone  and  brain, 

into  muscle  and  membrane,  into  carti- 

Secretion.  ^^  *"d,  ^**  5  how  saliva  and  bile,  how 

urine  and  mucus — ^flmds  the  most  active 

0  period  of  life  is  the  human  l)ody  and  the  most  insipid — can  be  manufac- 

:tly  complete.    At  birth  the  pro-  tured  indeterminate  quantities,  in  cer- 

)f  development  is  still  unfinished;  tain  textures,  and  at  appropriate  periods, 

g  infancy  every  organ  is  weak,  and  out  of  a  bland  material  totally  umike  any 

function  is  imperfect ;  at  the  pe-  and  every  tubsttnoe  which  it  generates ! 
of  puberty,  parts  previously  unex- 

d  suddenly  enlarge,  and  take  on  O/OTwqf  SecreUoR. 

iclions:  manhood,  requmngm  the  *^fui*#»*  «v 

urge  of  its  offices  the  utmost  ex-  Th»  ttpjJW^ViiYi:!  'v\fll&i>^^%sssM^^' 


114  ANIMAL  PHYSIOLOGY. 

mtions  sire  formed  assnnies  a  Ihousm  I  cause  it  wa^  ineisprr.subl? :  nothiw  ip- 
m()di6calions  of  extemaUspect.  Some-  pears  absolutrij;  necessary  to  the  perfor- 
times  nolhine  can  be  discerned  but  a  manceof  Mcrelion.save  capiHaiyWood- 
smootli  vascular  membrane,  such  as  the  vessel.  The  chain  of  connexion  between 
pleura  which  lines  the  chest,  or  the  pe-  the  simplest  secreting  surface  and  the 
most  comples  gland,  of  which  only  the 
first  links  have  been  now  (tiven,  migtit  be 
easily  completed,  by  Irawng  the  gradual 
complication  of  an  felemenlar>-  secreting 
organ,  as  it  appears  in  a  serous  mem- 
brane, up  to  the  most  elaborate  speci- 
men of  gmndular  structure. 

Wlien  a  bone    is  broken,  blood  is 
poured  out  into  the  fracture,  and  there 
coagulates.    ARer  a  short  period,  ves- 
sels are  seen  to  shoot  into  this  coa^< 
laled  blood,  the  blood  gradually  disap- 
pears, and  ^latinous  matter  occupies 
its  place.    This  gelatinous  matter  pro- 
AslMid  wiA  »inMrttBry  dott  oa.iiieiitatuoi     gressively  hardens,  osseous  particks  are 
of  ihejiMdirrrpiUrBiidiiiiniiiudi  »»ti«™»li    siQ„iy  deposited,  and  thuB  the  tract  urt 
rtrK^Srd^'B''th.'n^Sk IVS^^^r/j^t  talif     is  ullimatelj  repaired.     During  all  these 
loiinBi.  stages  of  renovation  one  a^ent  appears 

riloneum  which  envelopi  the  viscera  of  |o  be  principally  employi^,  and  that 
the  abdomen.  At  another  time  this  agent  is  capillary  blood-vessel.  It  is 
membrane  is  not  smooth,  but  rough,  capillary  vessel  which  shoots  into  the 
and  covered  wilh  small  vascular  eleva-  coagulated  blood,  vuhich  deposits  the 
lions,  called  villi,  giving  to  this  entire  callus,  which  conveys  the  osseous  sub- 
surface a  velvety  appearance.  In  one  stance,  and  which  unites  the  fractured 
organ  the  secretmg  membrane  assumes  bone^  When  muscle  is  divided  the 
tjie  form  of  small  bags,  eaUedJbUiclet,  same  process  is  established,  exceptin; 
which  contMn  an  aperture  in  their  centre  that  iibrin  is  deposited  instead  of  ossific 
for  the  transmission  of  the  substance  matter ;  and  wneiher  the  secretion  be 
secreted  by  llieir  internal  suiTace.  In  nerve  or  cartilage,  tendon  or  skin,  no 
another  it  constilules  sacs,  open  at  one  difference  can  be  detected  in  the  secret- 
end,  denominaled  lanunie,  which  are  ing  vessel,  and  nothini;  essenlinl  but 
sometimes  single,  as  in  the  nose —  secreting  vessel  can  he  discovered, 
sometimes  nunified,  as  in  the  neck  of  If,  then,  nothing  but  capillary  blood- 
the  vromb.  Acain,  the  wax  which  de-  vessel  be  required  to  aecrete  such  im- 
fcnds  the  passage  to  the  internal  ear  portant  and  different  substances  u 
■eems  to  be  secreted  by  small  mem-  the  animal  solids,  may  it  not  be  sua- 
bnmoiu  cavities,  which  open,  by  means  pected  that  the  fluids  of  the  human  boJ)' 
of  small  ducts,  upon  the  surface  of  tlie  are  formed  in  t)ie  same  way,  and  by  the 
audiloiy  canal;  while  the  oily  matter  same  instruments?  Tlie  mucus  which 
which  is  formed  beneath  the  cuticle,  lubricates  the  nostrils  is  secreted  by  k 
more  especially  in    the  armpits    and    fine    and    highly  vascular  memt>rane, 

Sroine,  appears  to  be  a  secretion  pro-  which  covers  Ihem  internally.  The  pe^ 
uced  by  bodies  similarly  cooslrucled,  spjrulion  which  ooies  from  the  skin  is 
and  of  the  same  figure.  These  small  poured  out  through  smell  apertures  in 
■ecreting  bags  arc  known  by  the  nftme  the  walls  of  capillary  arteries,  which  lie 
ef  gUmit,  and  the  small  lubes  through  beneath  the  cuticle.  The  vrater  which 
which  they  convey  tlie  secretions  they  exudes  from  such  serous  membranes  s* 
elaborate  are  styledea-crc/oryducrt.  But  the  pleura,  which  lines  the  chest,  or  the 
diB^rent  as  tlie  external  characters  of  pericardium,  which  surrounds  the  heart, 
all  these  secreting  organs  maybe,  yet  seems  to  be  filtered  in  Ihe  same  manna 
their  general  structure  is  essentially  the  through  these  vp-""'--  =.™;.,-..-o  f„-,™ 
same;  and  the  more  carefully  the  se-    the  gein^ral  j 

eretSng  apparatus  is  e:(annneU,  the  more    all  Ihc  . 

COTwincing   will  apju^^r  Hit  veasim   for     can  1*  — i 

b«2\ie»ing  that  evet7  eitemal  modifioa-    apps  I   is 

fi«:>-n  of  structure  ha*  been  adopted  for    ale 
tfcW)  nke  of  comemwM  ntbv^  Vr      J  >^ 


ANIMAL  PHYSIOLOGY. 


115 


u  the  liver  are'composeJ  of  very  stnftU  Ti,'.  7' 

bodiei,  calM  aeim  from  Iheir  rewm- 
bluice  to  the  stones  cif  j^rapes ;  thnt 
these  acini  are  hollow  intemBlly,  and 
sxlenMlly  covered  nilh  a.  nel-work  of 
Uood-vemels;  thnt  these  minute  blood- 
Tfudi  covering  the  neini  pour  into  the 
wvities  of  these  elementary  cells  the 
wereted  fluid  u  it  is  eliminated  by  them, 
out  of  wtiich  it  is  aflerwnrdt  removed 
by  duct*.  ITie  minute  diueotions  of 
Ruyseh,  honever,  induced  this  distin- 
Jtuubed  anatomist  to  dissent  from  the 
views  of  Malpighi ;  and,  after  a  seriea 
af  very  accutste  experiments,  he  was 
■atitfled  that  the  apparently  hollow  acini 
of  Malpii^i  are  merely  convoluted  ves- 
■ela,  perfectly  continuous  with  the  es- 
cretory  ducts  ttiat  carr^  away  the  se- 
creted substances.  Tlus  opinion  was, 
for  a  time,  strongly  opposed;  hut  it 
ftfterwards  became  genera),  and  is  now, 
perliapt.  uttivenally  adopted. 

The  chief,  if  not  the  only,  difference 
between  the  secreting  structure  of  ^ands 
and  that  of  simple  surbcet  appean. 
then,  lo  consist  in  the  different  number 
and  the  dilferent  arrangenient  of  their 
capillary  vessels.  The  actual  lecreting  ferent.  The  |[landi  pertdnii^  to  this 
organ  is  in  both  caies  the  same— capil-  order  are  otmoosly  composed  of  suboi^ 
la^  blood-vesiel ;  and  it  is  uncertain  dinate  divinons  called  lobet,  which 
Khether  either  its  peculiar  arrangement,  themsdvet  consist  of  subdivisions  called 
or  greaiR-  extent  in  glandular  texture,  lobuitt;  these  lobules  are  formed  of 
be  productive  of  ai^  other  effect  than  smaller  bodies,  which  are  ag&in  divisible 
that  of  furnishing  the  lai^t  quantity  into  bodies  still  smaller,  until  we  ulti- 
ofblaod-ves<iel  within  the  smallest  space,  matdy  arrive  at  the  elementary  acini, 
Thua  convoluted  and  packed  up,  secret-  which  are,  in  common  with  (he  first  class 
ingorintncanlie  procured  to  any  amount  of  glands,  the  nidimental  constituents  of 
ttwt  may  be  required,  without  Ihe  incon-  the  secoiul  claa&  As  a  fine  example  of 
-_; J  q(  weight  and  bulk.    These    this  glandular  tissue,  the  kidney  may  be 


DCys  they  are  less  perceptible;   and  in  stmeture  is  strikmgly  Iwautiful.    It  con- 

the  prostate  and  tonsils  they  cannot  be  sists  of  two  distinct  varieties  of  texture, 

detected  by  the  finest  glasses.     Glan-  — the  first,  being  external,  is  called  ear- 

dular  structure  has  accordmgly  t^een  ar-  fico^  and  Ihe  second,  from  its  office,  is 

ranged  into  three  varieties.    In  the  first  denominated  ftiiB/ur.    The  cortical  por- 

■re  placed  all  those  glands  which  are  tion  is  Ihe  secreling  organ  of  the  kid- 

miform  in  their  external  surface ;  which  ney ;  the  tubniar  portion  is  mainly  rom- 

at«  enmposed  intamally  of  adni.  txiund  pc>*ed  of  tidies,  which  convey  the  urine 

together  t>y  cellular  tissue,  and  which  formed  within  the  cortical  tissue  into 

■re  enclosed  in  a  general  membrane,  the  reservoir,  or  peivii,  of  the  kidney. 

The  liver  affords  a  good  ilhulration  of  These  tubes  are  at  first,  where  Ihey  issue 

this  form  of  gland.    In  whatever  part  it  from  the  eoftieal  substance,  very  small 

may  be  examined,  its  texture  appears  and  numerous ;    but  they  increase  by 

uniformly  the  same.    Nothing  bat  aetni  unitiiiK  as  they  proceed,  and  they  fonn 

ran  be  seen — then  an  no  larger  and  no  consiaerable    trunks    before   they    ter- 

amaller   subdivisions;     and  when  the  mmate  in  the  small    oval   projections 

■tnieture  of  one  aetnua  has  been  fully  cftUed  papilla,  eoce.    These  papilla, 

VKertamed,  the  composition  of  the  en-  which  are  formed  bythe  union  of  thewtt 

tire  orgu  is  undvstood.    The  anatomy  nifmnu  tidxs,  ^roveuV  inVA,  vn&iat  -Ktci 

flfttwaraond  mitfy  it  mmtwbMX  da-  roaadid  bj  in«a&)iwMi>u  <»^  «^ 
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the  entire  mass  of  Wood ;  and  when 
successful  injection  has  rendered  all 
Iheir  vessels  visible,  sis-eighths  of  their 
whole  structure  appear  to  be  composed 
of  capillary  blood-vessels,  for  secreting 
the  fluid  tvhich  they  are  destined  to 
elaborate,  and  of  excretory  duets  tor 
removing  that  fluid  as  it  forms.  Vi'hen 
all  these  facts  are  compared  and  con- 
sidered, it  vrould  seera  a  reasonable 
inference  that,  as  far  as  regards  the 
vascular  part  of  the  apparatus,  to  con- 
stitute a  secreting  ot^n,  blood-ves^ 
alone  is  requisite  ;  and  that  glands  differ 
fi'om  mere  secreting  surfaces,  as  the 
pleura  or  peritoneum,  chiefly  in  having 
a  greater  number  of  blood-vessels,  only 
ditTcrenlly  arranged.  The  intervening 
cellular  tissue,  by  which  these  blood- 
vessels are  tied  up  and  connected,  ap- 
pears not  lo  be  essential,  because  in  a 
mere  serous  memltrane  there  is  little  or 
no  such  cellular  tissue;  nor  are  eiere- 
tory  ducts  indispensable,  since  many 
ii  glands  have  central  apertures  instead  of 
'-  duels,  through  whicn  their  secrelions 
are  poured  out.  In  the  present  imperfect 
calyces,  which  receive  the  urine  poured  state  of  our  knowledge,  it  is  impossible 
out  by  the  papiUre  from  the  exh'emities  to  eslimate  what  effect  difference  of  siiev 
of  the  tubes,  and  convey  il  onwards  to  lenglli,  and  direction  in  the  secreting 
the  pelvis  or  basin  of  the  kidneys  firom  vessels,  may  exert  upon  the  nature  anj 
which  it  is  conducted  by  an  excretory  (j  ity  of  the  substance  secreted.  It 
duct,  styled  ureter,  into  the  urinary  js  sonable  lo  believe  that  these  cir- 
blodder.  ci..     anccs  may  exert,  and  that  they  do 

The  two  vaiielies  of  elands  now  de-  exe  considerable  influence  upon  the 
scribed,  differ  only  in  the  number  of  proc  is ;  but,  aa  for  as  regards  the  vu- 
their  component  parts,  not  in  Ihe  nature  ciilai  part  of  the  apparatus  of  secretion, 
of  their  composition ;  and,  because  the  all  H.^t  is  really  known  is  told  when  it  ii 
firsi  form  of  gland  consists  of  parts  of  staled,  that  wherever  this  function'.ii 
the  same  size  and  equally  elementary,  performed,  there  is  provided  an  abund- 
while  the  second  divides  and  subdivides  ant  supply  of  ca\)illary  blood-vessels, 
befoi-e  its  rudimental  structure  is  at-  To  the  blood-vessels  of  secreting  or- 
taiued,  the  former  is  generally  termed  a  gans.  as  to  all  other  parts  of  the  body, 
ci>nglomerale,  the  latter  a  conglobate    aie  e  ~ '  '  '  '        ' 

gland.  nervt 

The  third  and  last  form  of  gland 
distinguished  from  Ihe  two  preceding 


havingnodiscoverable  specific  strucli 
V"  ■  ut  lobes,  lobules,  or  acini,  these  or- 
xliibit  neither  parts  nor  divisions ; 
are  dense,  firm,  lacerated  with 
jitui-jUy,  and  present  everywhere  a 
striking  uniformity  of  aipect.  Siill  thev 
are  highly  vascular,  and,  when  infiamea, 
produce  excruciating  pain ;  so  that,  in 
whatever  other  points  these  different 
forms  of  glandular  structure  may  di^- 
agiee,  they  are  all  equally  remarkable 
for  the  profusion  of  blood-vessels  with 
which  Ihey  are  supplied.  II  has  been  ^_ 
«alimaled  thai  the  g\and«\M  \iQrt\oft  ol  a^. 
Hie  human  body  eontaini  Vvio-ttuiia  o^    on* 


idded  nerves;  and  the  number  o 
nerves  which  are  distributed  to  iecrctins; 
organs,  bears  a  close  relation  to  the 
number  of  blood- vessels.  If  the  capil- 
lary arteries  are  countless,  so  also  are 
the  ultimate  nervous  filaments.  More- 
'  (here  are  some  amUomical  pecu- 
in  the  nerves  of  secreting^or- 


which  deserve  (o  be  borne  iQ 
,  because  it  is  probable  thai  they 
tiniately  connects  with  Ihe  faDCtiea 
icretion.      While  treating  of  Ihe 
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■  tkatplflilearttrr,  MT>ntis|Iala  intSiTi ^ ..  .. 

into  ft  luibn  ud  uiiatniu  ■>  mUtarimwj,  Iki 
itUtj  niiplaHiiMmttatba  (liiiMtaitinl/eaia]      ' 

BO  nerve  tiiat  cornea  off  from  the  brain 


*  spinel  cord,  u  pro- 
Tided  with  one  or  more  of  these  knot- 
ISce  bodies.  Whst  olgect  the  ganglis 
■erve  is  not  underatDod ;  but  we  know 
that  the  nerres  of  leniation  coiuist  of 
one  set  of  filanwnli,  that  the  nerves  of 
motion  eon^t  of  another  *et  of  filar 


of.  these  gsng^onic  nerres.  These  gan- 
{^kmicnerves are destitute'of  feeling,  the 
OccaiioDil  sensibility  which  thev  indicate 
being,  probablv,  denvedfrom  (be  nerves 
cf  MDMtion  with  which  thnr  intermingle 
and  commnnicate;  and  fber  are  not 
obedient  to  the  wOL    As  won  as  Ifaey 


boa  the  nn^ttUMif  I 

UN   wonting  artenea. 


the  tntnka  of 
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ivhich  thev  invest  as  w  illi  a  tunic,  and  mate  and  peculiar  connexion  between  the 
„pon  ilie  Inanclie.  of  .hich  the;  an  ganBlionic  nei^e  arid  the  .eeteliug  ai- 
cSplelel;  .i»nl.    That  thi.  inoal  hiti-    lery  should  eiu.t,  without  foncUonal  «• 


a  fl,  1  portioa  e(  ibtetluiv;  bb,  p- —  —  .-- --- ^ -  ,        l"  -  , 

fluence  being  communicated  to  Ihe  vessel  mon  fluid.    Much  of  the  food  which  wc 

by  tlie  nerve,  b  scarcely  to  he  conceived,  eat,  of  the  dress  which  we  wear,  and  oi 

What  thai  influence  is,  it  is  impossible  the  houses  «hich  we  inhabit,  is  denved 

to  say*;    its    extenl    will  presently  be  from  Ihis  source.    Even  Ughl  and  hest, 

pointed  out.  eleotricily    and    galvanism— substanMS 
the  most  subtile  and  mystenous,  can  m 

Subslanees  secreted.  elaborated  W  secretion.    The  electrical 

CoitsiDSRiNG,  then,  the  great  simpUcity  properties  of  the  Torpedo  nre  too  well 

of  the  secreting  organ,  and  the  general  known  to  require  descripllon.  The  Ela- 

sameness  of  the  blood  from  wliifh  every  (er  noctittteus   shines  so  slrongly,  thil 

secretioa  is  derived,  it  is  remarkable  that  many  In^an  tribes  in  South  America 

so  many  solids,  so  differently  consti-  were,  at  one  period,  said  la  hive  em- 

tuted,  and  such  a  variety  of  fluids,"  so  ployed  no  other  light  for  business  than 

totally  dissimilar  both  in  properly  and  that  vphich  these  insects  emitted ;  and 

aspect,  should  be  manufactured  out  of  even  now  it  is  customaiT  for  their  wo- 

one  common  matetial,  and  by  one  com-  men  lo  wear  them  as  brilliants  in  iheii 

mon  appnratus.     Nothing  exists  williin  hair.      The  light  evolvfd  by  the  MrdiM 

the  vegetable  or  animal  kingdom  but  pdlucens  is  occasionally  so  Tirid,  that 

secreted    substance;    and  wnelher  we  water,  in  which  these  animals  liave  been 

look  to  the  meanest  shrub,  or  lo  the  no-  for  some  time  confinid.  appears,  wlien 

bleat  animal,  the  most  splendid  variety  poured  out,  like  a  slrtam  of  f>re,  or  of 

of  ButMBiice  and  of  qualily  is  obiierved.  melted  gold  :  and  Spalluiiiani  describes 

In  Ihe  one  kingdom  we  find  flowers  of  an  individualof  the  same  speoesas  quite 

the  ^audie.'it  colours,  sweets  of  the  most  visible,  by  its  own  llglit,  when  thbrtr  feel 

delicious  taste,  odours  of  the  most  cap-  below  the  surface  of  water.    The  Pgri-- 

intiiag  fragrance,— all  formed  out  of  a  »oma  AlLmtieum  is  an  elongated  fish, 

simple  and  almost  insipid  sap;  and  in  which,  ivhen  floating  ujwn  the  surlact 

the  other  we  discover  bones  hard  and  of  tho  ocean,  resembles  a  bar  of  incan- 

inaennble,  muscles  soft  and  conlraclile,  descent  iron ;  and  tlie  Pennattda  jAat- 

nerves  tender  and  irritable,  fluids  insipid,  phorea  emits  light  so  cofuously.  that 

sour,  bland,  and  acrid,  juices  the  most  fisliermen,  while  at  worif,  are  said  It 

i^ineable,  and  poisons  t\ic  most  ^tr-  tvKvu&vailedthcmselvesof  its  direction. 
niCfcui — nil  proceciling  ttomove  com-       'ifcnA  *j^  wa  SaBeA.4-s»  and  of  ow 


animal:  physiology.  iip 

ctive  medicines  are  animal  secretions.  j.,^        ^j  Secretion. 

The  Tynan  purple,  so  celebrated  among  ^  "^ 

the  ancients,  is  now  kno\vn  to  have  The  secreting  organ  is  so  simple  and  so 
been  obtained  from  different  species  of  uniform,  the  .secreted  substances  are  so 
the  Oasteropoda;  the  Romans  em-  dissimilar,  and  the  blood,  upon  which 
ployed  the  black  fluid  secreted  by  the  the  former  operates,  and  from  which  the 
cuttlefish  as  an  ink ;  the  Indian  ink,  latter  are  produced,  is  so  much  alike  in 
which  comes  to  us  from  China,  is  sup-  every  part  of  the  body,  that  there  is 
posed  to  be  the  secretion  of  some  S€Ppta;  little  apparent  correspondence  between 
and  the  colour  called  Sepia  by  painters,  the  secreting  instrument  and  its  action. 
is  the  inky  fluid  of  this  animal  reduced  Were  glandular  texture  indispensable  to 
to  dryness.  Musk  is  a  secretion  of  the  secretion,  and  were  the  qualities  of  the 
T^ioet  mu$k  ;  Castor  is  obtained  from  secreted  substances  invariably  connected 
a  species  of  Beaver;  and  for  Civei  we  ^^^^  obvious  peculiarities  in  the  texture 
are  indebted  to  the  Civet-cat.  of  the  secretwg  organs,  it  might  be 

On  a  former  occasion,  some  account  lioped  that  structure  would  discover  a 
was  given  of  the  different  solids  and  key  to  their  function.  But  when  it  is 
fluids  which  enter  into  the  composi-  found  that  bodies  evidently  glandular, 
tion  of  the  human  body.  It  was  then  ^^  the  spleen,  brain,  thyroid,  and  lym- 
observed  that,  however  dissimilar  the  phatic  glands,  eliminate  no  visible  secre- 
former  might  appear,  tlunr  could  be  tion ;  that  glands  anatomically  similar 
arranged  into  three  distinct  classes — ^into  elaborate  secretions  most  opposite  in 
cellular,  muscular,  and  nervous  solids ;  character ;  that,  while  simple  fluids  are 
and  that,  perhaps,  the  least  objectionable  sometimes  fomied  by  glands,  complex 
classification  of  the  .latter  was  into  fluids  arefirequently  formed  without  them; 
aqueous,  albuminous,  mucous,  gela  that,  in  fine,  there  are  glands  without 
tinous,  fibrinous,  oleaginous,  resinous,  secretions,  and  secretions  without  glands; 
and  sfldine  flui^.  The  general  physical  it  follows  that  gland  and  secretion  can 
and  vital  properties  of  each  soud  were  ^▼e  no  inseparfU[>le  connexion;  and  that 
likewise  stated;  the  different  organs  it  is  vain  to  hope  to  explain,  by  mere 
into  the  composition  of  which  each  peculiarities  of  structure,  either  the 
entered  were  enumerated ;  and  the  uses  general  theory  of  secretion,  or  the  indi- 
to  which  each  was  applicable  were  brielfy  vidual  varieties  of  the  different  secre- 
described.  tions. 

It  has  been  usual  to  restrict  the  term       At  the  same  time  it  is  reasonable  to 
Secretion  to  the  animal  fluids,  but  there    believe,  that  structure  does  exert  some 
is  no  reason  why  it  should  not  also  be    influence  on  secretion.    The  vessels  of 
appUed  to  the  sohds.    Bone  and  muscle,    each  secreting  organ  differ  in  number 
tendon  and  skin,  are  as  different  from    &nd  size,  and  they  may  likewise  differ  in 
the  general  mass  of  blood,  and  are  as    direction  and  arrangement.    The  same 
dependent  upon  it  for  their  formation,    remark  is  eaually  applicable  to  tlieir 
as  bile  or  mucus,  tears  or  saliva.      The    nerves ;  and  though,  in  the  present  state 
secretion  of  urine  is  as  essential  to  nu-    of  our  knowledge,  we  are  unable  to  de- 
trition as  that  of  blood-vessel,  or  nerve ;    termine  what  influence  such  anatomical 
for,  althoujB^h  this  fluid  is  separated  from    diversities   may   have  upon  secretion, 
the  blood  in  order  to  be  expelled,  while    that    some   influence    is  derived  from 
blood-vessel  and  nerve  are  separated  in    them  is  well  established.     All  animal 
order  to  be  retained,  yet,  did  tne  separa-    secretions  are  formed  from  the  blood, 
tion  of  urine  cease,  tne  blood  would  be    and,  with  the    exception  of  the  bile, 
no  lon^r  fitted  for  the  purposes  of  life,    from  arterial  blood:  and  although  the 
and  neither  nerve  nor  blood-vessel  oouM    blood,  as  has  been  shown,  does  not  con- 
any  longer  be  deposited.  tain  all  the  proximate  principles  that 
Chyme,  chyle,  and  blood,  by  far  the    sre  to  be  detected  in  the  animal  secre- 
most   important    fluids   of  the   body,    tions,  it  does  contain  the  four  elementary 
because  the   source   of   all    the  rest,    principles  that  have  been  described  as 
bavebeen  already  sufficiently  described;  '  entering  into  the  composition  of  animal 
and  as  many  of  those  which  proceed  firom    matter.    Now,  it  is  tlie  object  of  secre- 
them  have  nothing  interesting  beyond    tion  to  combine  and  recombine  these 
the  theory  of  their  formation,  it  wiU  not    elementary  principles  in  such  different 
be  necessary  to  give  any  further  account    proportions  as  to  form  out  of  them  the 
of  them  here.                                          different  a\3b«\»XM:.^%  ^vCVas^  ^^^^^c^  ^^ca 
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growth  or  the  notritian  of  the  body  n»]r  a  little  oxygen.  Mid  the  red  putidet  tl 
i«quire ;  mid  it  is  not  improbable  that  the  blood  may  be  eonverled  into  bile  by 
one  effect  of  structure  is  (o  lirin?  the  ttie  same  process.  11  catiiiol,  Ibereforft 
blood  into  circumstances  favouvalik  to  lie  denied  that,  secret  ion  is  in  pari  a 
such  decomposition!  and  such  neve  ar-  chemica!  process,  and  that  to  the_vary- 
ran^ements.  It  is  certain  thut  two  cir-  ine  combinations  and  proportions  of  tlw 
cumslances,  most  essential  to  chemical  elemenlary  principles  ot  ttie  Itlood  may 
■etion,  are.  the  minute  division  of  the  be  clearly  (raced  many  of  Ihe  substances 
substances  to  beaded  on,  and  the  close  nhichare  extracted  [rom  it.  Still  it  must 
approximalion  of  tlieir  integrant  par-  not  Iw  forcotten  that  unuded  chemisliy 
ticles.  But  one  CTeat  aim  of  all  the  is  vcrylimited  in  itsinfluenee;  andihit 
jecreling  organs,  whether  they  be  simple  some. other  agent  must  be  looked  for,  bjr 
surfaces,  complex  glands,  or  in  what-  which  these  chemical  operations  are 
ever  mode  they  may  be  varied,  seems  to  regulated,  by  which  affinities  are  ar- 
*•-  'a  bring  about  this  minute  division,  ranged,  and  results  are  deterrainei 
'the  There  is  some  elective  prindple  whi;ti 
an-  selects  out  of  the  general  mass  ot  blood 
lam.  Hence  the  astonishing  minuteness  such  substances  as  each  secreting  organ 
of  the  secreting  arteries,  and  hence  Iheir  stands  in  need  of,  which  sends  these 
endle.'s  inosculations  with  ench  other,  substances  to  the  appropriate  organ. 
It  has  further  been  conjectured,  that  in  which  determines  the  ijuanlity  sent,  and 
every  secrelin^  organ  these  minute  which  consults  thepenod^  when  su])ply 
vesitJs  differ  in  llie  angles  at  which  is  necessary.  This  preiidiuK  principle 
theygoofftrora  the  tmnk.in  Ihecourse  is  life.  When  the  albumen  of  the  blood 
which  they  pursue  throu^ti  the  glands,  is  coagulated  and  con-verted  into  mem- 
and  in  their  length  and  si^e ;  that  these  brane,  or  when  its  fibrin  is  oxydaled 
difTerinces  materially  affect  chemical  and  transformed  into  fat,  the  change,  in 
action ;  and  that,  probably,  both  the  bolh  instances,  may  be  immediately 
gener:ition  and  transmission  of  the  gal-  chemical,  but,  remotely,  it  is  vtial. 
■vanic  fluid,  the  agency  of  which  in  dia-  The  liver  cannot  secrete  bile  unleii 
solving  old,  and  in  establishing  new  the  elemenlaryprinciples  of  bile  be  con- 
combinations  is  so  remarkable,  may  tained  in  the  blood  which  it  receivei; 
partly  depend  upon  them.  These  con-  and,  in  a  chemical  point  of  view,  it  is 
siderations,  taken  collectively,  may,  per-  unimportant  whether  these  principles 
haps,  afford  us  some  assistance  in  con-  exist  in  the  blood  generally,  or  only  in 
ceiviiig  how  structure  may  minister  to  that  portion  of  it  which  supplies  the 
the  perforraancB  of  secretion,  how  appa-  liver.  If  they  exist  in  the  general  mass 
rently  trifiing  variations  in  the  secrelmg  of  blood,  it  is  the  principle  ot  life  which 
organ  may  produce  most  important  determines  their  separation  in  the  liver, 
changes  in  its  results,  how  new  affinities  rather  than  in  the  lungs  or  in  the  kid- . 
may  te  brought  into  operation,  how  neys;  and  if  they  be  contained  exclu- 
new  combinations  may  be  formed,  how  sively  by  the  blood  devoted  to  the  bver, 
new  substances  may  be  generated,  and  it  is  life  to  which  this  exclunve  appro- 
how  these  substances  may  differ  from  prialion  is  to  be  ascribed. 
each  other  as  much  as  I h^  differ  from  It  is  more  than  probable  that  the 
the  common  fluid  out  of  which  they  instrument  by  which  this  vital  principle 
spring.  Prout  has  shown  that  urmi  is  is  tirought  to  bear  upon  the  secreting 
compojed  of  two  atoms  hydrogen,  one  apparatus,  is  the  nervous  system:  hence 
D,lom  oxygen,  and  one  carbon  ;  but  by  the  close  connexion  which  it  has  been 
Iremovin^  one  of  the  atoms  of  hydrogen,  seen  is  maintained  lietween  the  ca- 
the  urea  IS  converted  into  sugar;  and  by  pillary  blood-vessel  and  the  ullimate 
adding  anoltier  atom  of  carbon,  lithic  nervous  filament.  Tliat  the  nervous 
acid  is  produced.  Mucus,  which  is  the  system  is  the  communicating  medium 
characteristic  ingredient  of  mucous  se-  through  which  life  operates  upon  secre- 
eretion,  seems  to  be  albumen  in  a  cnagii-  tion,  is  favoured  by  various  phenomena, 
lated  slate.  Gelatin,  which  is  the  pecu'  and  is  still  more  strongly  supported  by 
liar  animal  matter  contained  in  gel  at  i.  direct  experiments.  Grief  relieves  itself 
nous  secretions,  may  be  formed  fi-om  by  a  flow  of  tears ;  iiunger  encourages 
Klbumen.bydigestinglhelatterindiluted  the  secretion  of  gastric  juice;  and 
Tutric  acid.  Oily  matter  may  be  manu-  melancholy  is  provirbiil  for  accumu- 
*)tetured  out  of  fibrin  tty  the  addition  of  kting  bile.     During  the  openUioa  of 
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fear,  the  kidneys  are  frequently  stimn-  nervous  system  in  the  process  of  secre- 

lated   to    incr^Lsed  activity;    and  the  tion.    It  is  certain  that  the  mole,  or  im- 

smell  of  food  strongly  excites  the  sa-  perfect  child,  which  has    no  nervous 

livary  glands.  The  limb  which  has  been  system,  attains  a  very  considerable  size ; 

palsied  by  a  stroke  of  apoplexy  ema-  that  a  palsied  limb  can  inflame   and 

dates  and  decays ;  and  k^  dividmg.the  suppurate ;  and  that  the  nostril  and  ear 

nerves  which  supply  the  stomach,  di-  of  the  palsied  side  secrete  as  actively  as 

gestion  has-been  effectually   arrested,  those  of  the  sound  side.    These  and 

The  stomach  derives  its  nerves  chiefly  many  analogous  facts  are  well  known  ; 

from  the  eighth  pair,  or  far  vagum;  and  if  secretion  can  in  any  case  be  per- 

and  experiment  has  ascertained  that  if  a  formed  without  nerves,  or    after   the 

portion  ofthisnervel>e  removed,  the  pro-  nerves  which  do  exist  have  lost  their 

cess  of  digestion  is  completely  stopped,  power  by  disease,  the  doctrine,  which 

Two  rabbits  of  about  the  same  size  were  holds  nervous  energy  to  be  indispensable 

fed  in  the  same  way ;  in  both  the  eig^hth  to  this  fimetion,  is  not,  perhaps,  suffi- 

pair  of  nerves  were  brought  into  view;  dentljr  established ;  while,  at  the  same 

in  one  rabbit  a  part  of  each  nerve  was  time,  it  cannot  be  denied,  that  no  other 

removed ;  in  the  other,  after  bdng  raised  view  is  in  the  abstract  more  plausible, 

on  a  probe,  both  nerves  were  replaced  or,  when  applied  to  Ufe,  can  illustrate  a 

without  further  injuiy.    After  the  oper-  greater  vanefy  of  phenomena, 
ation,  lx>th  rabbits  wera  allowed  to  eat  ., 

as  much  parsl^  as  they  ohose.    When  Aosorptton. 

the  rabbit,  in  which  part  of  the  nerve  It  has  been  more  than  once  observed 

was  removed,  died  (which  happened  in  that  a  constant  round  of  expenditure  and 

about  twenty  hours  after  the  operation),  supply  is  al)8olutely  necessary  to  the 

the  other  was  kiUed.    In  the  former  the  continuance  of  existence.     Parts  and 

food  was  found  wholly  undigested*  and  organs,  whidi  are  healthy  and  in  great 

could  not  be  distinguished  m>m  parihiy  re<|uiBition  at  one  period  of  Ufe,  become 

chopped' unaU  with  a  knilb;  but  in  the  ii^uiious  or  useless  at  another;    new 

latter,  dkyestion  had  gone  on  as  usual*  functions  are  silently  establishing  them- 

and  the  food  was  fouM  just  in  the  same  selves  upon  the  ruins  of  the  old ;  and  the 

state  as  in  a  healthy  rablut.    These  ex*  changing  circumstances,  through  which 

periments  (and  they  have  been  variously  man  passes  during  his  journey  fh)m 

repeated)  stron^y  favour  the  view  XhA  tender  infancy  to  decrepit  age,  are  faith- 

a  regular  supply  of  the  influence  derived  fblly  met  by  corresponding  and  suitable 

from  the  nervous  system  is  necessary  to  alterations  m  his  structure.     To  have 

the  process  of  secretion.  But  the  curious  those  substances   which    are  secreted 

fact  is,  that  the  absolute  continuity  of  the  taken  up  and  removed,  when  they  are  no 

nerves,   through  which  this  influence  longer  necessary,  is,  therefore,  as  essen- 

is  to  be  transmitted,  is  not  indispensable  tial  as  to  have  them  at  flrst  secreted ;  and 

for  its  conveyance.     Dr.  W.  Philip  and  a  new  ftmction,  called  absorption,  has 

Mr.  Brodie  state,  that  if  the  cut  ends  of  been  established  for  this  purpose.    Nu- 

a  divided  nerve  be  placed  at  a  distance  txition  is  the  compound  result  of  secretion 

of  not  more  than  a  quarter  of  an  inch  and  absorption,  and  the  derangement  of 

fjrom  each  other,  the  current  of  nervous  either  is  equally  ix^urious.    In  fever  ab ; 

energy  is  not  interrupted,  and  that  the  se-  sorption  is    much    more    active  than 

cretions  of  the  organ  to  which  the  nerve  secretion ;    hence  rapid  emaciation  is 

IS  sent  go  on  as  usual ;  but  that  if  a  larger  one  of  the  most  striking  features  of  that 

portion  of  the  nerve  be  removed,  so  as  to  disease:  while,  in  dropsy,  more  matter 

separate  its    divkled   extremities  to  a  is  deposited  by  the  arteries  than  the  ab- 

greater  distance,  the  process  of  secretion  sorbents  can  remove.  To  preserve  these 

18  completely  stopped  two  functions  in  a  state  of  oalancc  is  the 

•It   has    Deen   conjectured  that  this  designof  Nature;  so  that  no  more  matter 

nervous  influence  is  identical  with,  or  may  t>e  secreted  than  can  be  absorbed, 

at  least  is  some  modification  of,  the  elec-  nor   absorbed  than   can   be  secreted. 

trie  orp^vanic  fluid;  and  the  arguments  When  thus  equipoised  in  activity,  these 

by  which  this  coiyecture  is  supported  two  opposing  systems  co-operate  to  the 

are  ingemous,  if  not  strong.    Too  little,  same  effect — nutrition ;  one  particle  suc' 

however,  is  as  yet  Imown  upon  this  point  ceeds  another  in  slow  and  silent  renova- 

to  sanction  any  inference ;  and  there  are  tlon;  every  part  of  the  animal  fabric  is 

some  who  feel  strongly  inclined  to  qoes-  gradually  withdrawn,  and  is  as  gradually 

tion  altogether  the  mteriSerence  of  the  rebuilt;  and  without  the  disturbance  of  a 
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f  unclion,  oi-  ilic  inconvenience  of  a  tissue, 
thi*  tCKiilitic  mnsonr}'  procee<)s  unlil  Ibe 
old  buiJiiing  is  carefuUv  pulled  down, 
■nd  wholly  reconslTLicled. 

The  iipaaralus,  by  wliith  abeorpllon  is 
perfbroed  in  the  hnman  body,  consists 
of  three  parts,— lacteal  s,  lymphalies, 
and  (ibioriieni  elsrids.  These  threu  sets 
of  orgnns  compose  a  distinct  syntem,  de- 
Bomtiuted  the  alworbent  ryHem,  whiuh, 
from  it*  eXL-eethn);  minuteness,  und  the 
emieqiLent  difficulty  of  inve^tigatinz  its 
■tructute  and  laira,  was  idmost  entirely 
unknown  unlil  the  be^nning  of  the  se- 
venteenth century.  The  lacteals  and 
lymphaties  are,  in  structure,  aspect,  and 
'binction.  essentially  the  same  vessels. 
Both  ai-ise  and  terminate  in  the  same 
manner,  both  are  equally  minute,  holh 
absorb  Iheir  oonlenls  by  the  same  prin- 
ciple, both  circulate  them  by  Uie  a^^'cncy 
of  the  snme  power,  and  holh  certy  them 
to  the  iBme  place  of  destination.  But  as 
the  fluid  which  tlie  lacteals  contain  re- 
sembles millf.  being  the  chyle  wliich  is 
digested  from  the  food,  while  tliat  which 
the  lymphatics  circulate  is  not  unlilie 
water,  and  principally  consists  of  refuse 
matter  that  is  no  longer  adapted  to  the 
purposes  of  nutrition,  lliese  two  sets  of 
vessels  are  not  only  differently  denomi- 
Btted,  but  in  general  receive  separate 
■nd  (Uatinct  descriptions. 

Both  lymphatics  and  lacteals  ai*  com- 
posed Of  two  coals— an  outer  coat. which 
IS  not  unliiie  the  extrmal  covering  of  a 
vein,  and  an  inlema!  coat,  which  is 
dense,  smooth,  and  polished.  lietweui 
these  two  Innics  some  have  supposed  a 
Ihird  to  intervene,  analogous  to  tiic  mus- 
cular coat  of  ftjieries ;  but  the  exist- 
ence of  such  a  coat  has  been  r&tber  in- 
ferred, T'ecause  considered  necessary, 
than  pro  ved  by  hiiv  ing  lieen  actually  seen. 

The  infernal  coal  is  firm  and  strong, 
and  is  thrown  intocrescentic  folds  which, 
as  in  v«ns,  iKrfDrm  tlie  office  of  valves. 
These  valves  occur  in  pairs,  are  ex- 
tremely numeroua,  and  give  to  tlie  ab- 
sorbents thai  knotted  and  iiiegular 
SOTiearance  for  which  they  are  Teraark- 
able ;  every  knot  or  enlargement  indi- 
cating the  presence  of  a  pair  of  valves. 
Another  obvious  peouharity  of  the«e 
vessds  is  their  general  uniformity  of  size. 
When  an  artery  sends  off  a  branch,  it  is 
sensibly  diminished,  or  wlien  a  vein  re- 
ceives a  branch,  it  is  enlarged ;  but  when 
a  lymphatic  or  lacteal  ramifies,  liltle 
dumge  of  sjec,  in  general,  occurf,  whe- 
flier  the  branch  given  off  be  btige  m 


Fig-  8-1. 


lraiAlI)uiiidifcniit>lu«g(tt«ir  nn«rciaw 
Hnidi  Utlliaiacicduci:  i  t.  u  fttmitcni  glul 
tl'ronfh  »h>i:b  iKU  of  ibe  limp^Ha  ;ui.  O* 
rannr  of  ihrlr  cnatFBb  la  iiHisUid  bj  U<  dirce- 

The  lymphaiia  arise  by  voy  minuts 
orifices  fcata  every  surface  of  ttke  body 
— fi  om  the  periloneum  which  hnes  the 
aklumcn,  from  the  pleum  which  sur- 
rounds the  lungs,  [I'om  tlie  membranes 
which  encompass  tlie  ^in,  from  the 
mucous  sutl'ace  of  the  tradK^  mso- 
pha«!tis,  and  stomach,  from  the  exlemsl 
and  internal  surfaces  of  aJl  the  viscer*, 
and  from  the  external  akin.  (Fig.  83)- 
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They  likewise  arise  from  the  interior  first,  or  external  set,-  lie  immediately 

otiJl  cavities,  from  the  surface  of  nius-  under  iheperitoneal  coat.wid  lun  along 

ties,  awl,   in  fine,  from  every   part   of  the  gut  in  a  longiludinsJ  direction  ;  the 

the  body  which  it  oi^aniied  and  rap-  second,  or  deep-seated  set,  lie  beneath 

fiUed  by  blood  vessels.    Like  veins,  the  the  muscular  coal,  and  following  the 

ymphatics  are  divided  into  two  distinct  course  of  the  arteries  and  veins  ramify, 

■ets.     One  set  lie  immediately  beneath  like  them,  with  great   minulenesa,  two 

the  skin,  and  may  be  easily  rendered  lacteals  in  general  accom]>Bnying  each 

visible  by  injection  with    quicksilver;  {/y.  87)  artery.   Ati first. these iwoiels 
the  other  set  are  more  deeply  situated, 

and  are  devoted  to  tlie  more  btemal  Fig.Bl.' 
paris  orthe  body.    These  two  orderaof 
vessels  inosculale  freely  with  each  other, 
and  are  similar  in  slxe,  itructure,  aitd 

The  lacteati  constitute  a  small  but 
most  important  part  of  the  absorbent 
system.  They  lake  their  origin  exclu- 
sively from  the  stomach  aod  from  the 
intestinal  canal.    The  mucous  or  intep- 


Tbti 


d*  *•  Uwf  sriM  rn»  U 
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nal  coat  of  the  intestines,  in  which  the 
orifices  of  the  lacteals  are  found,  hoe  a 
BoR  and  fleecy  surfiuw,  which  is  covered 
with  small  elevation*  called  villi,  not 
unlika  the  pile  of  vdvet.  Kadi  of  theM 
villi  seems  to  be  compoeed  of  an  artery, 
a  vein,  nervea  and  lacteal*  bcnind  tose- 
ther  by  cellular  tiiaue.  Internally  tney 
are  divided  into  cella,  and  tb^  are  ex- 
qiiisitely  senuble,  specially  to  the  iti- 
mulua  of  chyle.  Tti^  are  extremely 
nnmeroos  in  tne  duodenum,  the  jcgunnni 
and  ileum :  leH  so  in  the  coeoum,  and 
colon ;  and  their  number  is  still  smaller 
in  the  stomach  and  the  rectum.  Libet^ 
kuhn  states,  that  by  means  of  the 
microaoope  it  may  be  shevni  that  each 
Tillua  terminates  in  whit  he  calli  an 
taiqtuiluia,  which  is  an  oval  veside, 
having  its  apex  porforated  by  laoteal 
orifices,  thnnii^  Wudi  the  chyle,  dming 
its  passage  alM^  the  intwtinea,  it  taken 
up.    (i%(.87BDdS8.) 

Two  £stinct  set!  df  laateali  na  be 
discovered  upon  the  irtirtiBefc     Htm 


of  veaseU  run  at  right  angles  with  each 
other,  but  afler  the  stipei'ficial  lacteds 
have  proceeded  some  length  along  the 
intestine,  they  turn  up  at  an  angle  more 
or  lew  acute,  towanls  the  mesenteiy, 
where  they  unite  with  the  circular  or 
de«p->eated  lacleab;  after  which  they 
all  aacend  tt^ther,  until  meeting  in 
their  course  with  some  absorbent  gland, 
Ihty  (oter  its  substance,  and  after  pass- 
ing through  it,  and  uniting  into  one  or 
two  large  trunks,  th^  agam  issue  lh>m 
its  opposite  extremity,  and  pruecute 
their  way  towards  the  thoracic  duct.  In 
the  adjoining  figure,  (y^.  90,)  all  these 
particulars  are  beautifully  illustrated. 
AA,  is  a  piece  of  the  jejunum;  bbbb, 
&c  are  the  superficiid  lacteals;  ece, 
is  the  mesentery  by  which  the  intes- 
tinei  are  confined  to  the  spine,  and 
within  the  folds  of  which  Itie  deep- 
MiUed  lacteab  pass;  ddd,  the  tizst 
Older  of  the  absorbent  glands  :  e»a, 
the  second  order,  through  which  tb" 
tnmks  tttat  issue  from  the  fint  ox 
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pass ;  //.  the  recepfftculum  ctiyli,  or    the    thoracic    duct ;    t  i, "  lymphattcs 
commencemeot  or  the  ttromcic  duct ;  g,    comiogfrom  dilTerent  puts  ot  tile  body, 

t 


ANIMAL  PHYSIOLOGY.  125 

and  uniting  to  form  the  receptaculum  serious  consequences,  by  retarding  or 

chyli ;  h,  the  aorta.  diminishing  the  supply  of  chyle. 

The  thoracic  duct,  g,  or  great  trunk 
of    the  absorbent  system,  is  formed 

by  the  union  of  the  lacteal  trunks  with  Theory  of  Absorption. 

the  two  lai^  lymphatic  vessels  which 

have  been  before  described.  The  duct.  The  outline,  brief  as  it  is,  which  has 
at  its  commencement,  is  generally  some-  now  been  given  of  the  anatomy  of  the 
what  larger  than  at  any  other  part,  and  absorl>ent  s]fstem,  will  enable  us  to 
this  enlargement  has  received  the  name  understand  the  course  which  the  sub- 
of  receptaculum  chyli,  (or  receptacle  of  stances  absorbed  take  in  their  journey 
the  chyle  /  f) ;  which  varies  very  to  the  heart.  The  lymphatica,  arising 
much  in  size,  being  in  some  instances  by  small  and  imperceptible  mouths  from 
scarcely  perceptible,  while  in  others  it  every  tissue  of  the  body,  and  the  lac- 
has  been  found  no  less  than  half  an  teals,  from  the  internal  surface  of  the 
inch  in  diameter.  This  receptacle  is  alimentary  cana]>  take  up  the  different 
situated  upon  the  second  or  tnird  ver-  substances  they  are  destined  to  absorb, 
tebra  of  the  loins,  and  the  duct,  as  it  conveying  them  to  one  or  other  of  the 
issues  from  it,  lies  beneath  the  right  arch  great  absorbent  trunks  which  have  been 
of  the  diaphragm.  After  getting  from  described,  and  by  those  trunks  pour 
under  this  muscle,  it  proceeds,  in  com-  their  contents  either  into  the  left  or  the 
pany  with  the  aorta,  along  the  right  right  subclavian  vein.  In  this  manner, 
side  of  the  spine,  until  it  reach  the  Imh  provision  is  made  for  fUmisliing  the 
vertebra  of  the  back ;  where  it  passes  function  of  secretion  with  a  constant  and 
over  to  the  left  side  of  the  spine  behind  adequate  supply  of  material :  whence  it 
the  oesophagus.  It  then,  ascending  be-  happens  that,  although  secretions  the 
hind  the  left  carotid  artery,  runs  up  to  most  expensive  to  the  system  are  daily 
the  interstice  between  the  first  and  se-  and  hourly  elaborated,  and  the  heart  is 
cond  vertebrae  of  the  chest,  where,  after  every  moment  drained  of  its  blood,  yet 
receiving  the  lymphatics  which  come  the  supply  of  chvle  bv  the  lacteals,  and 
from  the  left  arm,  and  left  .side  of  the  of  lymph  by  the  lymphatics,  is  so  liberal 
head  and  neck,  it  suddenly  turns  down-  and  so  regular,  that  the  former  can 
wards,  and  finally  termmates  in  the  never  fail  through  deficiency  of  fluid, 
angle  formed  by  the  meeting  of  the  sub-  nor  the  latter  cease  to  act  in  conse- 
clavian  and  internal  jugular  veins  of  the  quence  of  being  permanentljr  emptied, 
left  side.  It  becomes,  then,  a  question  of  curi- 

As  the  general  structure  of  irlands  has  ous  interest,  by  what  power    do  the 

been  alreidy  described,  it  will  be  neces^  lacteals  and  lymphatics  take  up,  in  dif- 

sary  to  add  but  Uttle  in  relation  fo  the  fereht  p^s  of  the  body,  those  substan- 

anatomy  of  those  which  belong  to  the  ces  which  they  are  designed  to  remove, 

absorbent  wyftAtm,     In  form  uiey  are  andconvey  to  the  heart  the  substances 

not  unlike  an  olive,  beinjg  oval  or  oblong,  fhey  receive.    There  is  here  no  forcing 

They  are  enclosed  withtn'an  envelope  of  organ  like  the  heart ;  there  are  no  strong 

condensed  cellular  substance,  and  they  and  muscular  vessels  like  the  arteries, 

are  generally  so  situated,  as  to  have  Atising  by  small  and  almost  invisible 

their  long  axis. placed  in  the  same  line  twigs'  from  bone  and  muscle,  from  mem- 

:with  the  vessels  which  pass  through  bran^  and  fat,  and  after  a  long  and  cir- 

them.    This  investing  membrane  is  so  cuitous   course  through    many  oppo- 

loosely  attached  to  them,  that  tolerably  fting  obstacles,   at  length  terminahng 

free  motion  is  allowed,  and  its  cavity  in  a  vein  at  some  distance  from  the 

contains  some  viscid  fliUd.    Some  ana-  heart,  it  is  obvious  that  the  latter  organ 

tomists  assert,'  that  these  bodies  consist  can  exert  but  little  influence  upon  the 

of  convoluted    vessels,  while    others  actionof  the  absorbent  vessels,  and  that 

maintain,  with  greater  plausibility,  that  neither  the  suction  power  of  its  right 

their   internal    structure    is    cellular,  cavities,  nor  the  propelling  power  of  its 

They  are  toumd  in  the  greatest  number  left,  can  materially  assist  the  ascent  of 

in  the  neighbourhobd  of  joints :  they  are  the  contents  of  the  absorbents  into  the 

very  susceptible  of  disease,  and  since  the  subc^vian  vein.     It  has  been  stated, 

absorbents  pass  through  them  in  their  that  the  supposed  muscularity  of  the 

progress  to  the  ttonsy  duct,  it  is  ob-  absorbents  nas  never  yet  been  demon- 

vioostlwt  any  iri^pirtHitehaiiffe  in  their  strated ; .  and  the  doctrine,  that  their 

gtruoWw  111081  %ejirDctegtift  cl  the  most  extremities  are  continuous  with  those 
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of  the  blMxl-vessels,  in  consequence  of  that  these  spon^ole  are  composed  o( 

which  llie  lymph  is  conceived  to  be  pro-  cells,  which  are  covered  with  a.  mem- 

pelled  along  the  lymphatics,  in  virtue  of  bmnous  envelope   that   contains  some 

the  vi"  a  tergo  of  the  heart  and  arteries,  fluid,  and  It  has  been  lately  discovered 

is  inndequate  to  explain  the  function,  1^  Butrochet,  a  Freneii  physiologist  of 

both  because  such  continuity  does  not  distinction,  that  these  spongiolce  absort) 

exist,  and  because,  if  it  did,  it  could  not  nutritive  fluid  from  the  soil  which  sur- 

Hccoimt  for  the  motion  of  the  chyle  in  rounds  them,   in  virtue  of  &  principle 

the  Incteals,  vessels  which  arise  I7  open  which  he  has  denominated  endotmott, 

mouths  fh)m  the  surfoce  of  tJie  mtei-  That  this  prinriple  may  operate  with 

tines.  ener^  three  conditions  are  necessary : 

That  capillary  ettradion  ha«  aome  First,  that  the  atisorbing  medium  be  an 
share  in  the  perfonnanee  of  absorpticni  organieed  vegetable  or  animal  mem- 
is,  we  think,  unquestionable ;  for  after  brone ;  secondly,  that  there  be  a  fluid 
life  is  extinct,  and  after  every  living  enclosed  within  this  membrane ;  and 
agent  has  ceased  to  act,  the  lacteal!  thirdly,  that  this  internal  fluid  be 
have  been  often  seen  not  only  full  of  denser  than  the  flnid  without,  which  is 
chyle,  but  cftitying  their  chyle  acHvel^  to  be  absorbed.  By  many  very  aUe  and 
fomnrd  towards  the  thoracic  duct.  This  ingenious  experiments  Dutrocbel  luu 
phenomenon  can  he  accounted  for  only  aaeertoioed,  tnat  if  these  three  condi- 
on  the  -II  -n-'teals  are,  lions  be  observed,  a  power  i?  generated 
to  a  oei  I.,  :  .  .  1  .'t»els,  and  whicli  can  raise  fluid  up  a  tube  of  any 
that  llivj  i.!i  (■■T.;  hi  clij'le  which  height,  with  n  velocity  projiorlidnal  to 
they  contain  n  ccrlsin  length  in  virtue  the  excess  of  the  density  of  the  interior 
«f  their  c.ipillary  power  ;  hence,  proba-  over  t!ie  exterior  fluid,  into  an  instru- 
bly,  the  eiire  that  hns  been  taken  to  con-  ment,  uhich  he  calls  an  endotmamtler, 
fine  the  ihametcr  of  the  absorbent  ves-  Dutrochet  put  a  solution  of  sugar,  of 
selswilhina  certain  magnitude,  and  to  the  density  of  1. 110,  and  immersed  the 
furnish  Ihem  abundantly  with  valves,  end  of  the  instrument  in  water  In  (wo 
Still,  however,  it  is  uncertain  how  far  days,  twenty-two  inches  of  a  column  of 
their  capillary  power  extends,  and  to  mercury,  the  base  of  which  was  equd 
what  degree  H  operates — the  size  of  in  diameter  to  the  piece  of  blaJder  which 
the  thopacic  duct,  wilhout  doubt,  inoa-  was  the  ab sorbin e  membrane  emploj'ed. 
pacitating  it  for  exerting  s\ich  a  power,  was  raised  (o  a.  heiglit  of  45  indies  and 
and  th»r«  ii  reason  to  believe  that  this.  9  lines ;  and  the  general  conclusion  to 
the  more  difficult  part  of  absorption,  is  which  the  author  arrives,  after  a  great 
accompli  shed  by  some  less  mechanical  many  arguments,  facts,  and  experiments, 
and  more  efficient  agency.  which  we  can  here  merely  refer  to.  is 

It  has  been  aireadji  stated  that  both  that  by  means  of  a  common  endosmo- 
laeteals  and  Ij^mphatics,  l^efore  arriving  meter,  such  as  he  employed,  a  sjTup 
at  the  thoracic  duct,  invariably  pass  made  of  sugar,  of  the  density  1,3,  would 
through  one  or  more  conglobate  glands ;  generate  an  endosmosmic  forw  sufficient 
that  the  internal  strucuire  of  these  to  raise  a  weight  equal  to  four  atmos- 
riands  is  cellular,  and  that  the  villi  of  pheres  and  a  half.  Now,  it  is  liy  no 
nie  mucous  membrane  of  the  intestines  means  improbable,  that  the  absorbent 
terminate  in  vesicles  called  ampultula;  glands  are  living  end  osmometers:  Like 
which,  like  the  absorbent  gliiads,  are  spongiolae,  they  arc  compose!  of  cells ; 
composed  of  cells.  These  are  anato-  these  cells  are  surrounded  by  a  mem- 
mical  fitcts :  it  bas  long  been  a  subject  brane,  and  Ibis  membrane  contains  ■ 
of  inqnirj  why  the  absorbent  vessels  viscid  fluid.  The  three  conditions  ne- 
•hould  so  universally  and  invarinbiy  cessarytogenerateendoimoseate, there- 
pass  through  one  or  more  of  these  fore,  present  and  complete.  The  am- 
((lands,  aHhough,  in  order  to  do  so,  it  pulLulse,  which  are  attached  to  the  ei- 
is  often  necessary  that  they  should  de-  Iremilies  of  Ihe  villi,  and  on  w^ich  the 
viale  flrom  their  direct  course.  It  is  lacleals  open,  are  similarly  constructed, 
well  known,  that  Ihe  capillary  roots  of  an  ^■■■'  1  of  the 
trees,  and  other  plants,  are  terminated  sai  ovifioes 
by  small  oval  bodies  called  spongioid;  of  ,, 
that  if  these  spongiolte  be  removed,  the  analu^- 
"iota  to  which  triey  are  attached  lose  sioo,  ' 


r   absorbing  power,   and   thnt    the     essent 
*-'"'3  dies,    it  Is  likewise  known    in  all  < 
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Prom  some   experiments  which   have  bents  besnn  to   operate  upon  the  sub- 
been  made  with  trie  voltaic  pile,  it  would  stances  they  remove,  only  after  the  sub- 
seem  that  this  endosmosmic  fVmction,  tie  chemistiy  of  the  animal  economy  has 
however,  is  intimately  connected  with  prepared  them  for  their  action, 
galvanic  electricity ;  but  want  of  space 
precludes  us  from  further  detail.  Excretion 

Substances  absorbed.  Kw^'^f^'  *^''"'  *^J  lu^  «"^^^°<^«? 

withm    the  agency   of  the   absorbent 

At  has  been  already  stated,-  the  prin-  system  consist  of  two  classes.    To  the 

dpal  fluid  which  the  lacteals  absorb  is  first  belong  all  those  substances  which 

chyle,  while  the  variety  of  substances  are  denominated   recrementitious,   be- 

upon  which  the  lymphatics  act  is  great,  cause  they  are  more  or  less  nutritive, 

Biuids  of  every  consistence,  solids  of  and  are  fitted  to  maintain  life ;  to  the 

every   texture,  substances  without   as  second,  or  the  excrementitious,  belong 

well  as  within  the  body,  the  hard  bone  those  winch  are  exhaustedf  or  injurious, 

and  the  soft  brain,  are  alike  decom-  Both  are  poured   indiscriminately  into 

posed  and  gradually  removed.    The  rar  the  general  circulation ;  the  former  are 

pidity  with  which  their  function  is  in  retained  for  the  purposes  of  nutrition, 

some  cases  performed  is  remarkable,  and  the  latter  are  sent  to  the  different 

Thus,  a  few  minutes  after  swallowing  excretory  oigans,  to  be  there  separated 

turpentine,  the  urine  smells  strongly  of  firom  the  blood,  and  finally  to  be  con- 

the  odour  of  violets.    In  some  forms  of  veved  out  of  the  system.    Some  of  these 

disease  emaciation  proceeds  with  aston-  effete  substances  are  carried  to  the  kid- 

ishing  rapidity;   cases  of  dropsy  not  neys,  and  others  to  the  intestines;  while 

unfrequently  occur,  in  which  most  ex->  some  are  excreted  in  tiie  form  of  bUe, 

tensive  accumulations  of  water  are  re-  and  others  in  that  of  perspirable  matter. 

moved  in  a  few  hours;  it  must  be  fiimi*  In  this  manner  every  animal  particle  is 

liar  to  everv  one  how  soon,  after  drink-  disposed  of  with  rigid  economy ;  nothing 

ing  plentifully  of  some  diluting  beverage,  which  can  serve  any  useful  purpose  to 

the    kidneys  are  excited   to  increased  the  system  is  wasted;   nothing  which 

activity.  might  prove  noxious  is  retained,  and 

In  all  these  instances  the  substances  ab-  evenr  function,  whether  vital  or  animal, 

aorbed  have  either  been  in  a  fluid  state,  whether  secretory  or  excretory,  is  thus 

or  soft,  and  easily  broken  down ;  and  made   conducive  to   the  support,  "the 

the  action  necessary  to  accomplish  their  safety,  or  the  pleasure  of  existence. 
removal  does  not  seem  so  extraordinary 
as  that  which  afitects  the  absorption  m  r     i    * 

bone,  enamel,  and  other  such  hard  anir  i^onclunon, 

rxal  formations.     Still,  however,  bone  Ws  have  now  completed]  our  account  • 

and  enamel  are  as  easily,  and  as  rep^Ur  of  an  extended  circle  of  actions  of  great 

larly  absorbed  as  the  most  limpid  fluids,  importance   in    the    animal    economy. 

In  young  animals  the  long  bones  are  After  having  considered  the  phenomena 

nearly  solid,  but  those  of  cdd  animab  peculiar  to  life,  the  character  by  which 

have  a  considerable  internal  cavity;  the  the  animal  is  distinguished  from  the  ve- 

osseous  matter  in  the  interior  of  the  ^table.  the  common  tissues  which  enter* 

young  bone  having  been  gradually  re-  mto  the  composition  of  the  human  body, 

mov^  at  a  more  advan^d  period  of  and  the  properties  possessed  by  each ; 

lifie.    When  a  pcoiioa  of  bone  dies,  or  we  have  traced  the  series  of  chajiges  by 

becomes  carious  as  it  ie  termed,  o^nfie  which  a  morad  of  food,  when  received 

particles  are  deposited,  roand  the  di»*  by  the  mouth,  is  converted  into  blood, 

eased  bone,  until  an  entirely  new  bone  and  the  subsequent  processes  by  which 

is  formed,  and  the  old  bone,  which  is  it  is  rendered  a  constituent  part  of  the 

then  included  within  the  new,  is  com-  body,  and  as  soon  as  it  has  performed  its 

pletely  removed  by  absorption.     How  office,  is  removed  out  of  the  system,  in 

structure  so  hard  and  imperishable  can  order  to  make  room  for  new  matter.    To 

be  so  easily  decomposed,  and  *vo  finely  accomplish  these  objects,  the  requisite 

comminuted  as  to  be  capable   of  en*  circle  of  functions  comprehends,  as  we 

tering  such  delicate  vessds  as  the  Ijmi-  have  seen,    1st,  Digestion,  by  which 

phatics,  it  is  difficult  to  conceive,  but  it  the  food  is  converted  into  chyle  ;  2dly, 

IS  probable  that  some  chemical  agent  is  Rbspiration,  by  which  the  chyle  is  con- 

at  first  employed,  and  that  the  absor-  verted  into  arterial  blood;  3dly,  Circu- 
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i.ATioT(,  bf  which  the  arlerial  iilood  is  raalion  it  contains  from  all  who  do  not 
conveyed  from  Ibe  left  side  of  the  lieart  devote  themselves  lo  the  medical  profes- 
to  the  syslem,  and  returned  from  Ihe  sion,  is  as  unreasonable  as  it  would  be 
system  to  the  right  side  of  the  heart;  lo  exclude  the  knowledge  of  chemistry 
4thiy, Secretion. bynhichnewpartitles  from  every  one  but  Ihe  practical  phar- 
elimmatedfrom  the  blood  ar«  deposited,  maceutist.  This  treatise  will  not  have 
when  formed,  1^  the  capillary  vessels,  been  Vfrillen  in  vain,  if  it  shoiJd  do  no 
and  by  which  the  body  is  mainltined  in  more  than  shew  that  the  science  of  life 
a  stale  of  perpetual  renovation;  Sthly,  is  perfectly  open  to  Ihe  student  of  na- 
Abso&ption,  by  which  the  old  pavticles  ture,  to  the  cultivation  of  which  he  majr 
are  taken  up  as  tlie  new  are  laid  down  ;  approach  wilhout  Hie  apprehension  of 
and  laslly,  Exceeiiov,  by  whicli  old  meetine  with  any  extraordinary  difficul- 
nartiiiles,  that  have  served  their  office  in  lies.  Tlie  obvious  and  peculiar  advan- 
itae  economy,  are  conveyed  out  of  the  tag^s  of  thiskind  of  knonledge  are.  thit 
gyslcni.  it  would  enable  its  possessor  to  lake  a 
Of  the  apparatus  Iw  which  these  va-  more  rational  care  of  his  health ;  lo 
ried  processes  are  performed,  as  well  as  perceive  why  certain  circumstances  are 
of  the  processes  themselves,  we  have  beneficial  or  injurious;  to  understand  in 
given  a  brief  account,  which  we  have  some  degree  the  nature  ot  diwaie,  and 
endeBvouT«d  to  render  intellipble  to  the  the  operation  as  well  of  the  agents  which 
reader;  though  we  have  been  somelimes  produce  it,  as  of  those  which  counteract 
embarrassed  ^y  the  difficullv  of  making  it ;  to  observe  the  first  beginnings  of 
known  by  deserijiiiuii  ubjects  whictt  deranged  function  in  hii  own  person ; 
cannot  be  well  understood  without  to  give  to  his  physician  a  more  inleiii- 
being  seen.  Varied  as  Ihe  processes  gible  account  of  bis  trun  of  morbid 
are,  and  numerous  as  we  have  seen  Ihe  sensalionsaslheyarisc;  and  above  all,  lo 
Organs  to  be  by  which  they  are  per-  co-operale  with  hiin  in  removine  iha 
formed,  yet  it  is  obvious  thai  they  com-  morbid  state  on  which  they  depend,  in- 
plete  but  one  function — that  of  nutii-  stead  of  defealing,  as  is  now.  Ihrouzh 
tion;  and  Ihat  they  accomplish  but  one  gross  ignorance,  con&lantly  done,  Ihe 
object — Ihe  preservation  of  the  indivi-  best  concerted  plans  for  the  renovation 
dual.  The  account  of  this  circle  of  of  lieahh.  It  woulJ  likewise  l:iy  Ihe 
actions,  therefore,  by  no  means  corapre-  foundation  for  the  attainment  of  a  more 
hends  Ihe  entire  science  of  physiology,  just,  accurate,  and  practical  knowledge 
which  includes  further  the  functions  of  of  our  intellectual  and  moral  nature, 
locomotion,  the  functiona  termed  the  There  is  a  physiology  of  the  mind  as 
nervous,  the  sensorial,  and  Ihe  intcllec-  well  as  of  the  body;  both  are  so  inti- 
tual,  and,  finally,  the  function  of  repro-  mately  united,  that  nnther  can  be  well 
duclion.  It  is  obvious  that  (he  former  understood  wilhout  Ihe  study  of  the 
constitute  the  higher  department  of  the  other ;  and  Ihe  physiology  of  man  corn- 
science  of  physiology,  to  the  considers-  prehends  both.  Were  even  what  is  al- 
lien of  winch,  it  is  passible,  we  may  ready  known  of  this  science,  and  what 
return  at  some  future  period.  might  be  easily  communicated,  nmde  a 
However  brief  and  incomplete  the  pwt  of  general  education,  hon  many 
•ketch  here  given  of  this  science  may  evils  would  be  avoided,  how  much  light 
be,  yet  it  may  at  least  suffice  to  convey  would  be  let  in  upon  Ihe  understanding, 
a  dislinct  conception  of  the  nature  ofthe  and  how  many  aids  would  be  afforded 
phenomena  of  which  it  is  its  province  to  to  the  acquisition  of  a  sound  body  and  a 
treat.  In  no  other  department  of  know-  vigorous  mind ; — pre-requisitesmoreim- 
ledre  are  the  facta  unfolded  so  curious,  portant  than  are  commonly  supposed,  to 
>niT  in  f.»  .re  itiey  of  greater  practical  the  attainment  of  wisdom  and  the  prac- 
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OR, 

PROOFS  OF  DESIGN  IN  THE  ANIMAL  FRAME. 


THE  PERFECTION  OF  DBdION  IN  THE  BONES  OF  THE  HEAD.  SPINE,  AND 

CHEST,  SHOWN  BY  COMPARISON  WITH  ARCHITEOTURAL 

AND  MECHANICAL  CONTRIVANCES. 


Introduction.  ^^«'  "^^  "^^  T^J'^^'  ^''^^'  P^ 

some  failure  in  the  frame-work  or  vital 

To  prepare  us  for  perceiving  design  in  actions,  life  terminates, 
the  various  internal  strucnires  bf  an  And  this  leads  us  to  reflect  on  the 
animal  body,  we  must  first  of  all  know,  best  means  of  informing  ourselves  of 
that  perfect  securi^  against  accidents  tiie  intention  or  design  shown  in  this 
is  not  consistent  with  the  scheme  of  na-  &bric.  Can  there  be  any  better  mode 
ture.  A  liabiUty  to  pain  and  injury  of  raising  our  admiration  than  by  corn- 
only  proves  how  entirelv  the  human  paring  it  with  things  of  human  inven- 
body  IS  formed  with  reference  to  the  tion?  It  must  be  allowed,  that  we 
mind  ;  since,  without  the  continued  caU  shall  not  find  a  pearfect  analogy.  If  we 
to  exertion,  which  danger  and  the  im-  compare  it  with  the  forms  of  architec- 
eertain^  of  life  infer ,-4he  development  ture--the  house  or  the  bridge  are  not 
of  our  tikculties  would  be  inqporfect,  and  built  for  motion,  but  for  solidity  and 
^e  mind  would  remain,  as  it  were,  un-  finnness,  on  the  principle  of  gravitation, 
educated.  The  ship  rests  in  equilibrium  prepared 

The  contrivances  (as  we  should  say  of  for  passive  motion,  and  the  con- 
things  of  art)  for  protecting  the  vital  or-  trivances  of  the  ship-builders  are  for 
gans  are  not  absolute  securities  against  resisting  an  external  force :  whilst  in 
accidents ;  but  they  afford  protection  the  animal  body  we  perceive  securities 
in  that  exact  measure  or  degree  <^-  against  the  gravitation  of  the  parts, 
xrulated  to  resist  the  shocks  and  pres-  provisions  to  withstand  shocks  and  in- 
sure to  which  we  are  exposed  in  the  ^ries  frt)m  without,  at  the  same  time 
common  circumstances  of  life.  A  man  that  the  framework  is  also  calculated 
can  walk,  run,  leap,  and  swim,  because  to  sustain  an  internal  impulse  from 
the  texture  of  his  frame,  the  stren^  the  muscular  force  which  moves  the 
and  power  of  his  limbs,  and  the  specific  bones  as  levers,  or,  like  a  hydraulic- 
gravity  of  his  body  are  in  relation  with  engine,  propels  the  fluids  through  the 
all  around  him.    But,  were  the  atmos-  booy. 

phere  lighter,  the  earth  larger,  or  its  As  in  things    artificially  contrived, 

attraction  more — were  he,  in  slunt,  an  lightness    and   motion    are    balanced 

inhabitant    of   another    planet,  there  against  solidity  and  we^ht,  it  is  the 

would  be  no  correspondence  between  same  in  the  animal  body.     A  house 

the    strength,  gravi^,  and   musculaar  is  built  on  a  foundation  immoveable, 

power  of  nis  body,  and  the  elements  and  ttie  slightest  shift  of  the  ground, 

around  him,  and  the  balance  in  the  followed    l^  the  ruin  of  the  house, 

chances  of  life  would  be  destroyed.  brings  no  discredit   on  the   builder  ;- 

Without    such    considerations    the  for  ne  proceeds  on  the  certainty  of 

reader  would  fall  into  the  mistake,  that  strength  from  gravitation  on  a  fixed 

weakness  and  liability  to  fracture  imply  foun&tion.    But  a  ship  is  built  with 

imperfection  in  the  firame  of  the  body,  reference  to  motion,  to  receive  an  im- 

whereas  a  deeper  contemplation  of  the  pulse   from  the    wind,  and  to  move 

subject  will  convince  him  of  the  incom-  throu^  the  water.  In  comparison  with 

parable  periection  both  of  the  plan  and  the  ubric  founded  on  the  fixed  and 

of  the  execution.    The  body  is  intended  solid  ground,  it  becomes  subjected  to 

to  be  sulnect  to  derangement  and  acci-  new  influences,  and  in  proportion  as 

dent,  and  to  become,  in  the  coune  of  it  is  fitted  to  move  rapidly  in  a  light 

b 
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ln««ze,  it  is  exposed  to  founder  in  the  images  of  beauty,  with  such  variety,  that 

storm.     A  log   of  wood,  or  a  Dutch  they  lose  nothing  of  their  influence  and 

dogger  almost  aa  solid  as  alog.ia  com-  their  attraction  bv  repetition. 

paratively  safs  in  tlie  trough  of  the  lea  If  the  reader  hac  an  imperfeot  no- 

during  a  storm— when  a  bark,  slightly  tion  of  design  ahd  providence,  from  a 

built    and    fitted  for  lighter   breezes,  too  careless  survey  of  external  nature, 

would  be  shaken  to  jMecM:  that  is  to  and  the  consequent  languor  of  his  re- 

aay,  the  masts  and  nggiog  of  a   ship  fleilons,  we  hope  th^  the  mere  novelty 

(the  provisiona  for  itj  motion]  may  be-  of  the  instances  we  are  about  lo  place 

come  the  louroe  of  we«kiieu,  and,  per-  befbre     bira,    nay    cany    conviction 

biH)s,  of  destruotton  i  aod  safety  ii  thui  to  bii  mind )   tor  WB  are  to  draw  from 

voluntarily  sacrificed  in  part,  to  obtain  nature  itill,  but  in  a  field   which  has 

another  property  of  motion.  been  left  strangely  neglected,   thougli 

Bo  in  the   animal  body :  sometimes  the  nearest  to  us  of  all,  and  of  all  the 

m  see  the  safety  of  parts  providi-d  for  most  fhiitfid. 

by  strength  calculated  for  inert  resist-  Men  proceed  in  a  slow  emu-se  of  ad- 

ance;  buttthen  made  for  motion,  when  vauccment  in  architectural,  or  mecha- 

fight  and  easily  influenced,  Ihoy  become  nical,  or  optical  sciences ;  Hnd  ivhen  an 

^Oportionally  weak  and  exposed,  unless  improvement  is  made,  it  is  found  that 

aome  other  principle  be  admitted,  and  tliere  are  all  along  examples  of  it  in  the 

a  different  kmd  of  security  substituted  animal  body,  which  ought  to  have  been 

tor  that  of  weight  and  solidity ;  Etill  a  marked  before,  and  wtiich  mif;h(  have 

certain  insecurity  arises  from  this  deli-  aug^sted  to  us  tlte  improirnieiit.     It 

oacy  of  structure.  is  surprising  that  this  vie>v  of  Ihe  ^ub- 

We  shall  afterwHdt  have  oceauon  to  ject   has   seldom,   if  ever,   been  taken 

show  that  there  is  always   a  balance  seriously,  and   never   pursued.     Is  the 

between  the  power  of  esortion  and  the  human  body  formed  by  an  all-perfect 

capabiliU  of  resistance  in  the  Vrrta^  Architect,  or  is  it  not  ?    And,  if  the 

body.    Ahorse  or  a  deer  receives  a  question  be  ansivered  in  the  afiirmntive, 

shock  in _  alighting  from   a  leap;  but  does  it  not  approach  to  somettiing  like 

■till  the  inert  power  of  resisting  that  infatuation,  that  possessing  sudi  pcr- 

■faock  bean  a  relation  to  the  muscular  feot  models  as  we  have  in  the  anatomy 

power  with  which  they  spring.     And  so  of  the  body,  nc  yet  have  been  so  prone 

it  is  in  a  man:    the  elasticity  of  liis  to  neglect  them ? 

limbs  is  always  accommodated  to  his  We  undertake  to    prove,    tliat  the 

activihr ;  but  It  is  obvious.  that  in  a  foundation    of  the  Eddyslone    hght- 

ftll,  the  shook,  which  llic  lower  ex-  house,  tlie  perfection  of  human  arclii- 

tremitiea  are  calculated  to  resist,  may  lecture  and  ingenui^,  is  not  formed  on 

ooma  on  the  upper   extremity,  which,  principles   so  correct,   as   those  which 

from    being    adapted     for      extensive  have  directed  the  arrangement  of  Ihe 

and  rapid  motion,  is  incapable  of  sua-  bones  of  the  foot ;  That  the  most  pf  r- 

taining  the  impulse,  and  the  bones  are  feet  pillar  or  kingpost  is  not  adjusied 

broken  or  displaced.  witli  the  aociuracy  of  the  hollow  bones 

The  analogy  between  the  Btrueture  of  which  support  our  weiglit ;  That  the 

the  human  body  and  the  works  of  hu-  insertion  of  a  ships  mast  into  the  hull 

man  contriranoe,  which   we    have  to  is  a  clumsy  contnvonce  compared  with 

bring  in  iUiub^on  of  the  designs  of  Ihe  connexions  of  the  human  spine  and 


nature,  is.  therefcre,  not  perfect :  stnoe  pelvis ;  And  that  the  tendons  are  ci™- 

■ometimes    the    matoial  is  different,  posed  in  a  manner  superior  to  the  last 

■onMtimes  the  end  to  be  attained  ii  not  patimt  cables  of  Huddart,  or  the  yet 

precisely  the  same ;  and,  above  aU,  ia  more  recently  improved  cluin<c^les  of 

the  animal  body  a  double  object  is  oftm  Bloxam. 

wcured  by  the  structure  or  fi-ameworit, 

which  cannot  be  accomphshed  by  men 

human  ingenm^  and  of  which,  there-  Let  us  assume  that  the  head  is  the 

fore,  we  can  offer  no  ilhutration  strict-  noblest  i.art ;  and  let  us  « 

ly  CorrrecL    _  carpentry  and  architectural 

However  mgenions  onr  contrivance*  exhibited  there. 

may  be,  thw  are  not  only  hmited,  but  Bat,  before  we  give  oiirselves  up  lo 

Oey  present  a  sameoess  which  becomes  the  interest  of  this  suHect,  it  will  era- 

hresome.     Nature,  on   the  oontmy,  tify  us  to  express  our  conviction,  Ihal 

gives  us  the  same  objects  oiUit£ieat.,w  'litu  ^etfcKi^i^  of  the  plu  of  aninial 
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bodies,  the    demoTi  strati  on  of  contri-  Further  thooglits  might  supr^est,  that 

vance  und  a<laptalion,  but  more  tlian  whilst  the  case  should  be  made  iirm  to 

these,  the  proof  of  the  continual  opera-  resist  a  sharp  point,  the  vibrations  of  that 

tion  of  the  power  which  ori^ally  ere-  circular  case  might  be  prevented  by 

Uted  the  sj-stem,  arc  evinced  in  the  pro-  lining  it  with  a  soiRer  materia! ;  no  beU 

perly  of  hfe,— in  the  (uljustment  of  the  would  vibrate    with   such  an   incum- 

^KTious  sensibilities,— in  the  fine  order  branee;  the   sound  would  be  stopped 

of  the  moving  parts  of  the  body.^n  like  the  ringing  of  a  glass  by  the  touch 

Bk  cireidation  of  living  blood, — in  the  of  a  finger. 

continual  death  of  partieles.  and  their  It  a  soldier's  head  be  covered  with  a 
removal  from  the  frame, — in  the  per-  stee!  cap,  the  blow  of  a  sword  which 
nianence  of  the  individual  whilst  every  does  not  penetrate  will  yet  bring  him 
material  particle  of  hii  frame  is  a  thou-  to  the  ground  by  the  percussion  which 
■and  times*  changed  in  the  progress  of  extends  to  the  twain;  therefore,  the 
his  life.  But  this  is  allocetW  a  dis-  helmet  is  lined  with  leather,  and  covered 
tbict  inquiry,  and  we  are  deterred  from  milh  hair;  for,  although  the  hair  is 
touching  upon  it,  not  more  from  know-  made  an  ornament,  it  is  an  essential 
ing  that  our  readers  are  not  initiated  port  of  the  protection :  we  mny  see  it 
into  it,  than  from  the  de_pth  and  very  m  the  he  ad  .piece  of  the  Homan  soldier. 
great  difficulty  of  the  subject.  where  all  useless  ornament  being  de- 
spised as  frivolous,  was  avoided  as 
cumbrous, 
CBAPrift  I.  We  now  perceive  why  the  sltull  con- 
sists  of  two  plates  of  bone,  one  eiler- 
AnAHtditritff  the  ShuB.  nal,  which  is  fibrous  and  tough,  and 
one  internal,  dense  to  such  a  degree 
It  reouircs  no  disquisition  to  prove  that  the  anatomist  caDs  it  tabula  vitrca 
ttat  trie  brain  is  the  most  essential  (the  rfassy  table.) 
organ  of  the  animal  system,  and  being  Nobody  can  suppose  (his  to  be  acci- 
fo.  we  may  presume  that  it  must  l>e  dental.  It  has  juat  l)een  stated,  that 
especially  profecled.  We  are  now  to  the  brain  may  be  injured  in  two  ways  ■ 
inquire  how  Ibis  main  object  is  at-  ft  stone  or  a  hammer  may  break  the 
(aincd?  skull,  and  the  depressed  part  of  the 
We  must  first  understand  that  the  bone  injure  the  brain;  whilst,  on  the 
train  may  bo  hurt,  not  only  by  sharp  other  hand,  a  mallet  struck  upon  the 
bodies  touching  and  entering  it,  but  by  head  will,  without  penetrating,  effec- 
B  blow  upon  me  head  which  shall  vi-  tually  deprive  (he  brain  of  its  tlmc- 
brate  through  it,  without  the  instru-  tions,  by  causing  a  vibration  which  runs 
mentpierciiigtheskiitl.  Indeed,ablow  round  the  skuu  and  extends  to  every 
upon  a  man's  head,  by  &  body  which  portion  of  its  contents, 
•hall  cause  a  vibration  through  the  sub-  Were  the  skull,  ia  its  perfect  or  ma- 
■tance  of  the  brain,  mny  more  efibc-  lure  state,  softer  than  it  is.  It  woidd  Ije 
tually  deprive  him  of  sense  and  mo-  like  the  skull  of  a  child ;  were  it  harder 
tion  than  if  an  axe  or  a  sword  pene-  than  we  find  it  ia,  it  would  be  like  (hat 
trated  into  the  substance  of  the  brain  of  an  old  man.  In  other  words,  as  in 
iUdf.  the  formerit  would  be  too  easily  pierced. 
Supposmg  that  a  man'i  ingeniuH  so,  in  the  latter,  it  would  vibrate  too 
were  to  be  exercised  in  contriviOg  I  shaiyly  and  produce  concussion.  The 
protection  to  the  brain,  he  must  per>  skull  of  an  infant  is  a  single  Uyer  of 
ceive  that  if  the  case  were  soft,  it  would  elastic  bone ;  on  the  approach  to  man- 
be  too  easily  pierced ;  that  if  it  were  of  hood  it  separates  into  two  tables ;  and 
a  dassy  nature,  it  would  be  chipped  in  old  ^e  it  again  becomes  consoli- 
and  cracked;  that  if  it  were  of  a  sub-  dated.  During  the  active  years  of 
■lance  like  metal,  it  would  ring  and  vi-  man's  Hfe  the  skull  is  perfect :  it  then 


brale,  and  communicaU  the  concuMnon    consists    of  two    layers,  united  by 
'othabrain.  -«      .-< -t  ..- 


consists    ot   two    layers,   united   by 

soller   syfcstance ;    (lie   inner  layer   i 

brittle  as  glass,  and  calculfttcd  to  Te;i9t 

anything  penetraiing ;  the  outer  table 


Sn,  to  give  consistence,  and  to 
le  vibration   wtucK  '«w^&.  V^l'^ 
place  \\  tt\e  w\TO\e\eTAv(tt'»iewi''iaaSsK^a^ 
and  Mint  fbe  vniter  V«b\«. 
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Tliealter&tion  in  the  substance  of  the  Suppose  a  carpenter  empl(^ed  upon 

bones,   and   more    particularly   in   the  his  own  material,  he  would  join  a  box 

■liull,  is  mttTvellousfy  ordered  lo  follow  with  minute  and   regular  indtDtalioii! 

the  changes  in  the  mind  of  the  creature,  by  dovetailing,  because  he   knows  that 

from  the  heedlessness  of  childhood  lo  the  material  on  which  he  works,  from 

the  caution  of  age,  and  even  the  help-  its  softness  and  toughness,   admits  of 

lessness  of  superannuation.  such  adjustment  of  its  edges.     The  pro- 

Tht  skull  is  aofl  and  yielding  at  birth ;  cesses  of  the  bone  shoot  into  the  oppo- 

during  childhood  it  is  elastic,  and  little  site  cavity  with  an  exact  resemblance 

liable  to  mjury  from  conclusion ;  and  to  the  foxtail  wedge  of  the  carpenter-' 

during  youth,  and  up  to  the  period  of  a  kind  of  tenon  uid  mortice  when  the 

matiuiW,  the  parts  which  come  in  con-  pieces  are  small. 

tact  with  the  ground,  are  thicker,  whilst  But  if  a  workmaii  ia  ^ass  or  maibU 

the  shock  is  dispersed  towards  the  su-  were  to  inclose  some  precious  thing,  he 

tures    (the   seams    or  joinings  of  the  would  smooth  the  surfaces  and  unite 

pieces),  which  are  still  loose.  But  when,  them  hy  cement,  because,   even   it  he 

with  advancing  years,  something  tells  ua  could  succeed  in  indenting  the  line  of 

to  give  up  feats  of  activity,  and  UUs  are  luiion,  he  knows  that  his  material  would 

less  ftequent,  (he  bones  lose  that  nature  chip   off   on    the    slightest    vibration. 

which  would  render  concussion  harm-  Hie    edges   of   the    marble    cylinders 

less,  and  at  length  the  timidity  of  age  which  form  a  column  are,  for  the  same 

teaches  man  that  his   structure   is  no  reason,  not  pennitted  to  come  in  con- 

lo^Kr  adiiptiil  ID  i,on\L'  Ilk".  tivl :    fliin   jil.ifes    of   leaJ    nre  iii(or- 

We  must  underslnnd  Ihc  necessitj'  of  posed  to  prevent  the  edges  tt-chnicallv 

the  double  layer  of  the  skull,  in  order  termed  am'tes,  from  chipping  off  or 

to  comprehend   another  very  curious  splitting. 

ccHitrivbnce.  The  sutures  are  the  lines  of  Now  apply  this  principle  to  the  skull. 

union  of  the  several  bones  which  form  The  outer  softer  tough  tahle,  which  is 

thecroMium*,  and  surroundand  protect  Lke  wood,  is  indented  and  dovetailed; 

the  brain.     These  lines   of  union   are  the   inner  glassy  table  has   its   edges 

called  tuiures  (from  the  Latin  word  for  simply  laid  in  conlacl.     It  is  mortifying 

,   MWMjy),  because  they  resemble  seams,  to  see  a  eourse  of  bajl  reasoning  obscure 

If  a  workman  were  to  inspect  the  |oin-  this  beaulifiil  subject.    They  say  that 

ingof  two  of  thebones  of  the  cranmm,  the  bone  growing  from  its  centre,  and 

he  would  admire  the  rainule  dove-tail-  diverging,  shoots  ib*  fibres  betwixt  those 

in^  by  which  one  pialion  of  the  bone  which  come  in  an  opposite  direction; 

is  mserted  into,  and  surrounded  by,  the  thus  making  one  of  the  most  curious 

Other,  whilst  that  olher  pushes  its  pro-  provisions  c?  nature  a  thing  of  accident, 

cesses  or jottingsoulbetweenthoseof  the  Is  il  not  enough  to  ask  such  reasoners. 

first  in  the  same  manner,  and  the  fibres  why  tliere  is  nol  a  suture  on  the  inside 

of  the  two  bones  are  thus  interlaced,  as  as  well  as  on  the  out ' 

youmight  interlace  your  fingers.  But  ThejuncUonof  the"lxiues  ofthe  heaJ 

when  you  look  to  the  mtemal  surface,  generally  being  thus  exact,  and  hke  the 

you  see  nothing  of  this  kmd;  Use  bones  most  finished  piece  of  cabinet   work, 

ftre  here  laid  simply  in  contact,  and  this  let  us  next  inquire,    whether  there  l)e 

line  by  anatomists  is  called  harmonia,  designorcontrivanceshowiiin  " 

ur  harmony^  architects  use  the  same    '•"-' ■-  ' ■      ' 

term  to  imply  the  joining  by  masonry. 
Whilst  the  anatomists  are  thus  curious 
in  niunes,  it  is  provoking  to  find  them 
negligent  of  Ihings  more  interesting. 
Having  overlooked  the  reason  of  the 
difference  in  the  tables  of  bone,  they 
are  eonsequenlly  blind  to  (bepurjiose  of 
this  difference  of  the  outwanl  and  in- 
ward part  of  a  suture. 

*  Cruia,  hcB  ■  Onck  nid  HpiSjiif  ■  M- 

' ted  la  the  protActioa  cpf  thebnii;  iloo-~'-'- 
■■«■ — tb«/pojifai(orfDnliCA>l)i  (iroda 


ud  (ws  ten^rnl  (or  laa;lt)baBM. 


•dm 
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A.-ntr»"i*i^«'-  from  shining  at  this  point.    Or  t*k« 

r  Hi!  :&i!Si!^;  the  instance  of  a  roof  supported  on  in* 

D.  Ti«  MoqurnJ  bono.  clined  r&tlers,  A  B  :— 

■.  Tbff  tphtittid  bonfl. 

Fig.  3. 

When  we  look  upon  the  side  of  the 
■Inill  thus,  the  temporal  suture  betwint 
the  bones  A  and  D  is  formed  in  a  pecu' 
liar  manner;  the  lower,  or  temporal, 
bone  laps  over  the  superior,  or  parietal, 
bone.  This,  too,  has  been  misunder- 
stood ;  that  is  to  say,  the  plan  of  the 

building  of  the  bones  of  the  head  haa  Woe  they  thus,  without  further  secu- 

not  l>een  considered ;  and  this  joining  rity,  placed  upon  the  wells,  the  weight 

called  the   squamous*  suture,  which  would  tend  to  spur  or  press  out  Qie 

is    a.  species    of   scarfing,    haa  been  «raUs,  whicit  must  be  stronr  and  heavy 

supposed  a  mere  consequence  of  the  to  iiqiport  theroof ;  there^re,  the  ske- 

jiressure  ofihe  muscle  wtuch  moyes  the  leton  of  the  roof  is  made  into  a  trut*, 

jaw.  (for  so  the  whole  joined  carpentry  is 

Dr.  Monro  aaya,  "the  mamier  how  called.)    The  upper  cross-beam  marked 

1  imagine  this  sort  of  suture  is  formed  by  the  dotted  hnes  C,  is  a  collar-beam, 

at  these  places,  is,  that  by  the  action  of  connecting  the  rafters  of  the  roof,  and 

the  strong  temporal  raustlcs  on  one  aliening  them,  and  making  the  weight 

sid«,  and  oy  the  pressure  of  the  bniin  bear  perpendiculaiiy  upon  the  wdls. 

on  the  Other,  the  bones  are  made  so  When  the  transverse  beam  joins  the 

thin  that  they  have  not  large  enough  eztremities   of  the  rafters,  as  indicated 

surfaces  opposed  to  eaeh  other  I o  stop  l^the  lowerout^eD,  it  is  called  a  H^- 

the  extension  of  their  fibres  in  len^h.  beam,  aJid  is  more  powerftil  still  in  pre- 

and  thus  to  cau&u  \he  common  svrrated  venting  the  rafters  from  puthingout  the 

appearance  of  sutures  ;  but  the  naiTow  nails. 

edge  of  the  oae  bone  shdes  over  the        Now  when  a  man  bears  a  burden 

other.'  iqton  his  head,  the  pressure,  or  hori- 

The  vciy  name  of  the  bones  might  lontal  push,  comes  upon  the  lower  part 

suggest  a  better  explanation.    The  oiia  of  U»  parietal  boitet,  and  if  they  had 

parielaliin  are  the  two  large  bones  in  a  not  a  tie-beam,  they  would,  in  fact,  be 

regular  squnre,  sening  as  walls  to  the  spurred  out,  and  the  bones  of  the  head 

interior  or  room  of  the  head,  wliere  llie  be  crushed  down.   But  the  temporal 

brain  is  lodsv:a.—S«Ain/Ae/orf^wng-  bone  D,  and  still  more,  the  sphenoid 

figure.  bone  £,  by  running;  across  the  base  of 

Did  ilie  reader  ever  notice  how  the  the  skull,  and  having  their  edges  lap- 
walls  i)f  ^t  liouae  are  assisted  when  Itiin  ping  over  the  lower  part  of  uie  great 
and  oMi'liiirdiTied  with  aroof?  w^i,   or   ttw  parietal  bones,  lock  in 

T\n'  null pliite is  a  pxtrtion  of  timber  the  waUs  as  if  they  had  iron  plates, 

built  liilo  lliu  wall,  to  which  a  transverse  »nd  answer  the  purpose  of  the  tie-beam 

or  tit-lic^m  is   attached  by  carpentry,  m  the  roo^  or  the  iron  plate  in  the  walla, 

lids  cosgiiie,   as  it   ia  termed,   keeps  But  the  coimexiDn  is  at  the  same  time 

the  wall  in  the  perpendicular,  and  pre-  lo  secure,  that  these  bones  act  equally 

vcnl  s  any  liitcral  pressure  of  the  roof.J  u  a  ttraining  piece,  that  is,  as  a  jMece 

We  sometimes  see  a  more  eUimsy  con-  of  timber,  preventing  the  tendency  of 

triviincp,  ii  c1bm>,  or  a  romul  [>l:ile  of  the  aides  M^lA«  (Au/J  to  each  other, 
iron,  upon  the  side  of  a.  wM  :   Ihj^  bin         It  may  be  said,  that  the  skuU  is  not 

a  screw  going  into  the  ends  of  a  cross-  bo  much  hke  the  wall  of  a  house  as  like 

beam,  and  by  embracing  a  laige  portion  the  arch  of  a  bridge :  let  us  then  con- 

of  the  brick-work,  it  holds  the  wall  sider  it  in  this  light. 

We  have  here  the  two  parietal  bonea, 

separated    and    resting   against   each 

•  Pmn  ifniHt,na  Ltiia  fat  ■  Kal;  tki  tVw  other,  SO  BS  to  form  an  arch.    Id  the 

•^!~'T*''(""r«i<'"i«'*>'''»j;f"'*''^  centering,  which  is  the  wooden  frame 

i  u™  "Sii T^lt'S^'airrt';  «d-r  ^  for  fup^ng  a  stone  arch  while  build- 
End  ■■*««it  of  iH.  nuuiwr  mwbieiiiiwmipj^  ing,  there  are  some  principlea  that  are 
re^bii?^^''",;rPJiSSSr*  .ppKcbletotheheai 


f  ANIUAL  UGCHANIC8. 

We  see  Ib&t  the  ardi  formed  by  the    preventing  the  arch  &om  bang  crushed 
two  parietal  booea  is  not  %  perfect  itsmx-     m  at  tiiis  point 

The  necesrity  of  atren^ening  certain 
Pj-  g  points  is  well  exhibited  m  the  carpentry 

*'■    '  of  roofs.     In  Ihis  iipure  it  is  clear,  llm 

the  poiuls  A  A  wiU  receive  Uiu  prtssure 
of  the  roof,  and  if  the  joining  of  the 
puncheons*  and  raflers  be  not  secure, 
it  Viill  sink  down  in  the  form  of  the 
dotted  line.  Tlie  workmen  would  apply 
braces  at  these  ang^  lo  strengthen 

In  the  arch,  and  at  the  corresponding 
points  of  the  pari^Ul  bones,  Ihii  DbJH:t 
IS  attained  hy  strengthening  tliese 
points  by  increase  of  their  conve>i1y 
and  tliicuncss ;  and  where  the  work- 
man would  support  Uie  angles  by  timces, 
there  are  ridges  of  bone,  in  the  calvariat, 
or  roof  of  the  shuU. 

It  a  stone  arch  fall,  it  must  give  way 
in  tvi'o  places  at  tlie  same  time;  the 
centre  cannot  sink  unless  thai  part  of 
the  arch  which  springs  frtnn  tne  pier 
yields :  and  in  all  arcDes,  from  the  uu 
perfect  Roman  arch  to  that  built  upun 
inoderu  principles,  the  aim  of  the 
architect  is  to  give  security  to  this 
point. 

In  the  Roman  bridges  still  entire  Uic 
arch  rises  high,  with  little  indinaliuD 
at  the  lower  part ;  and  in  bridges  of  a 
more  modem  date,  we  sec  a.  mass  of 
masonry  erected  on  the  piw,  sometimes 
assuniing  the  form  of  ornament,  some- 
times of  a  tower  or  gateway,  but  ob- 
viously intended  at  the  same  time,  by 
the  perpendicular  load,  to  resist  ti^ 
horiiontal  pressure  of  the  arch.  If 
this  be  omitted  in  more  modeni  build- 
in^i  it  is  supplied  by  a  finer  ad. 
which  gives  security  to  the  masoiirj'  of 
the  pier  {to  boirow  the  terms  a{  anato- 
my), bv  its  inlemnl  Etructure. 

In  what  is  termed  Gothic  Architec- 
ture, we  see  a  flying  buttress,  spring- 
ing from  the  outer  wall,  carried  a\<:i 
the  roof  of  the  aisle,  and  abultii^i; 
against  the  wall  of  the  upp^  part,  or 
clerestory.  From  the  upright  part 
of  this  masonry,  a  pinnacle  it  raised, 
which  at  6rst  appears  to  be  a  meie 
ornament,  but  which  is  necessary, 
.  ,  to  conn- 
irust    of  tlie 
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rarcle ;  there  is  a  projection  at  the  centre 
of  each  bone,  the  bone  is  more  convex, 
and  thicker  at  this  part. 

The  cause  assigned  fur  lliis  is,  tliat 
it  is  the  point  troni  wliich  ossification 
begins,  and  where  it  is,  therefore,  most 
perfect.     But  this  is  to  admit  a  dan- 

Kuua  principle,  that  tlie  forms  of  the 
les  are  matter  of  chance :  and  tlience 
we  are  left  without  a  motive  for  study, 
and  make  no  endeavour  to  comprettend 
the  uses  of  parts.  We  find  that  aU  the 
parts  wtiich  are  most  exposed  to  injury 
are  Uius  strengthened  ;— the  centre  of 
the  forehead,  the  projecting  point  of  the 
ikuU  behind,  and  tlte  latmu  centres  of 
the  parietal  and  &vnlal  bones.  The 
parts  of  tlie  head  which  would  strike 
upon  the  ground  when  a  man  blls,  are 
the  strongest,  and  tlie  prcgecting  aruh 
of  the  parietal  bone  is  a  protection  to 
the  weaker  temporal  bone. 

If  we  compare  the  skull  to  the  center- 
ing, where  a  bridge  is  to  be  built  over 
a  navigable  river,  and  consenucntly 
where  the  space  must  be  tree  m  the 
middle,  we  And  (hat  the  scientific  work- 
men are  careful,  by  a  transverse  beam, 
to  protect  Ihe  poinls  whore  the  princi- 
pal thrust  will  ne  made  in  carrying  up 
the  masonry:  this  Iwam  does  not  act  aa 
tL  tie-l>eam,   but  as  a  straining-piece. 


Fig.  4. 


B;  Kll  this,  ne  see  that  if  the  skuU 
to  be  considered  as  an  aroh,  and  U 
porieliU   bones   as  forming  that   aiah. 
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is  itill  entire.  The  dome  of  St.  Sopbia, 
in  Constantinople,  built  in  the  lime  of 
the  Emperor  Justiniui,  &U  three  timet 
during  its  erection:  and  the  dome  of 
the  Cathedral  of  Florence  stood  un- 
finished 1 20  years-  for  nant  of  an  archi- 
tect. Yet  we  may,  in  one  sense,  lav 
that  every  builder  who  tried  it,  as  well 
as  enry  labourer  employed,  had  tbo 
most  perfect  model  in  his  onn  head. 
It  IS  oliviima  enough,  that  the  weight 
of  llie  upper  part  of  Ihe  dome  niunt 
disengii^  the  stones  from  each  other 
which  ionn  the  lower  circle,  and  tend 
to  breakup  Iheirjoiniegs,  and  conse- 
<]uenUy  to  press  or  thrust  outwai'tla  Uie 
Circular  wall  on  which  it  rests.  No 
vralls  can  support  the  weight,  or  rather, 
the  laterikl  thrust,  unless  each  stone  of 
the  dome  be  soldered  to  another,  or  the 
whole  hooped  together  and  girded.  The 
dome  of  St.  Paul's  has  a  very  strong 
double  iron  chain,  United  toeeiher,  at 
the  botlom  of  llie  cone ;  and  several 
other  lesser  chains  between  that  and  the 
cupola,  which  may  be  seen  in  Ihe  sec- 

i  LI  ine  SKUU  IS    ^.^^^  ^^  ^^_  p^^.^  engraved  by  Hooker. 

arch,  and  the  ^lie  bones  o!  the  head  afe  securely 
bound  together,  so  that  Ihe  anatomist 
"    '        '  -■-•       ■  ,]^ 


they  must  l)e  secured  at  the  temporal    i°  i.  „.vS^\..™ihi„„  i=  „™» 


which  they  spring.      And,  _._ 

thct,  where  is  it  that  the  skul 

when    a    man   fall*,   so    as   to    strike 

the  top  of  his  head  upon  the  ground  ? 

• — in  the  temples.      And  yet  the  join- 

ing.  .r.  JO  .MTO.  th.l  Ita  ejteml.    ;^ j,     ^  „ 


I  .  , .  ligament,  nor  membrane  of  any  kind, 
^  ?I:.r*  to  connect  the  bones,  they  are,  still, 
securely  joined,  and  it  requires  his  art 
to  burst  them  asunder;  and  for  Ihit 
lurpose  he  must  employ  a  force  which 
hall  produce  a  uniform  pressure  from 


It  mu»t  be  fractui-ed  be- 


ive  the  pressure  at  o 


n.!i  iv.a  i^.t  ui„Bi..ii„,.  „<  ,1,^  r  _     circumstance,  which   calls  for  our  ad- 
_Btit  the_be!t  iUuBlratton  of  the  form    „-„„,:„„     o„  ii,ii.,  „f  »,.,.;,)™( i.  *!„,„ 


IS  tlie  time  to  observe  another 


of  the  head  is  the  dome. 

A  dome  is  a  vault  rising  from  a  cir- 
cular or  elliptical  base ;  and  tliu  human 
skull  is 


miration.  So  little  of  accident  is  there 
the  joining  of  the  bones,  that  the 
-e  oi'^  a  bone  at  the  suture  lies  over 

"i1i',^l'i«™rT    tlieadjomiugboneatone  part  and  un- 
ellipbcal  surmount^     ^^^  ^^  J^j  ^^^^y^^  ^^-^^^   ^^^  ^^^^  ^^^,^_ 

tailing  ofthe  suture,  as  before  described, 
holds  each  bone  in  its  place  firmly  at- 
'  Lclied ;  and  it  is  lliis  which  gives  secu- 


ed  dome,  which  latter 

the  dome  it  higher  Ihan  the  radius  of 

its  base.      Taking  this  matter  hislori-     „.^,„ea ;  ana  a  is  i,„s  > 

caUy  we  should  presume  that  the  dome    ^,   ^^  J^e  dome  of  the 

was  the  most  diflioult  piece  ol  archi-         ^  ™     -     -  -       - 

tecture,    since   the   first  dome   erecteii 

aiipears  to  have  been  at  Home,  in  the 

,4?,.fA.g„stu,^h.P.,.he....l,i.h    ^^^SS.^>r^  ^3ftS' 

to  say,  there  are  stroiie 


If  we  look  at  the  skull  m  front,  we 
may  consider  the  orbits  of  the  ^e  as 
ciypts  under  the  greater  building.  And 


At  iiTtgqUriiin  of   th«  b 


oif  bone,  wliich  give  strenelh  sufficient 
to  permit  the  inler=ticcs  of  tlie  grcdnin^, 
if  I  may  so  term  tliem,  to  be  veiy  thm. 
Betwixt  the  eye  and  the  brain,  the!-™* 
is  as  UuQ  9A  parchment^   but  r 
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anterior  pRrt  of  the  iIcuH  had  to  reit  on  ■ustainsit.equidproTiBionforthesecimlf 
this,  the  foundation  would  bo  insuf-  of  the  brain ;  and,  what  is  most  admi- 
ficient  This  isthepurpose  of  the  strong  ruble,  there  is  an  entirely  different  prin- 
ridge  of  bone  which  runs  up  hke  a  but-  ciple  introduced  here ;  for  whereas  in  the 
treaa  from  the  temple  to  the  Uteral  part  head,  the  whole  aim  is  firmness  in  the 
of  the  frontal  bone,  whiUt  the  arch  Joiningi<tf  the  bones,  inthespinewhich 
forming  the  upper  put  of  the  orbit  is  ■0|>porta  the  he«i,tbe  otiject  to  be  attain- 
very  strong:  and  these  ridges  of  bon^  ed  a  mobilitjr  or  pliaocj.  In  the  head, 
when  the  skull  is  fonned  with  what  we  c«ch  bone  is  flmiljr  secured  to  another; 
call  a  due  regaid  to  lecuritr,  give  an  in  the  s^ne  the  bones  are  not  pennittol 
extension  to  the  forehead*.  to  touch :  there  is  interposed  a  soft  and 
In  concluding  thia  survey  of  the  ar-  elastic  material,  which  tskes  off  the  jar 
ehitecture  of  the  head,  let  ui  suppose  it  that  would  result  from  the  contact  of 
so  expanded  Oiat  we  could  looV  upon  the  t>ones.  We  shall  consider  this  sub- 
it  fi-om  within.  In  looking  up  to  the  Ject  ,-t  lillle  more  in  (k'titil. 
vault,  we  should  at  once  perceive  the  The  spinal  column,  as  it  is  lulled, 
iqtphcation  of  the  groin  in  masonir ;  serves  three  purposes :  il  is  the  great 
fbr  the  grmn  is  that  projection  in  flie  bond  of  union  betwixt  all  the  p.irts  of 
vault  which  results  fi^)m  the  intersec-  the  skeleton ;  it  forma  a  tube  fiir  the 
tion  of  two  arches  running  in  different  lodgment  of  the  spinal  murow,  a  part 
directions.  One  nb  or  groin  extends  of  U)e  nervous  system  as  important  to 
from  the  centre  of  the  Irantal  bone  to  li(b  as  the  brain  itself;  anJ  lastly, 
the  most  protecting  put  of  the  occipi-  il  is  a  column  to  sustain  the  head. 
lal  foramen,  or  opening  on  the  back  of  We  now  see  the  importance  of  the 
the  head ;  the  other  lib  crosses  it  firom  spine,  and  we  shall  next  explain  how 
aide  to  side  of  the  ocdpital  bone.  The  the  various  offices  are  provided  for. 
point  of  mteraection  ofthese  two  ^oins  If  the  protection  of  the  spinal  marrow 
■IS  the  thickest  and  strongest  part  of  tlie  hnd  been  the  only  object  cf  lliif  ^truc- 
■kull,  and  it  is  the  most  exposed,  sLni:e  ture,  it  is  natural  to  mfer  tliat  it  nould 
it  is  the  part  of  the  head  which  would  hafe  been  a  strong  and  unyielding  tube 
strike  upon  the  ground  when  a  man  blls  of  bone;  but,  as  it  must  yield  to  the 
backward!.  inflexions  of  the  body,  it  cannot  be  con- 
What  is  termed  the  base  of  the  skuU  stituted  in  so  strict  an  analogy  with  the 
is  strengthened,  if  we  may  so  express  skuU.  It  must,  therefore,  bend ;  but  it 
it,  on  the  same  principle :  it  is  like  a  must  have  no  abrupt  or  considerable 
cflinder  groin,  where  the  rib  of  an  arch  beading  at  one  part ;  for  the  spinal 
doe*  not  terminate  upon  a  buttress  or  mairow  wi^in  would  in  this  way 
pilaster,  but  is  continued  round  in  the  suffer. 

completion  of  the  circle.     The  base  of  By    this    consideration   we  perceive 
the   skull    is   irregular,  and   in    many  why  there  are  twenty-four  bones  in  the 
idaces  thin  and  weak,  but  these  arched  spine,  each  bending  a  little ;  each  ani- 
lines or  ribs  give  it   sb-englh  to  bear  culated  or  making  a  joint  with  its  fel- 
those  shocks  to  which  it  is  of  course  low;  all  yielding  in  a  slight  degree,  and. 
liaUe  at  the  joining  of  the  skull  with  consequenUy.  permitting  in  flie  whole 
the  spine,  spineuiatflexlbilitynecessaiy  to  the  mo- 
tions of  the  body.     It  is  next  to  be  ob- 
served that,  whifstthe  spine  by  this  pro- 
Chaptik  Ila  vision  moves  in  every  direction,  it  gains 
aproperty  which  it  belongs  more  to  our 
MetAoHimiif th« Sjma.  present  purpose  to  understand.    Tlie 
bones  of  the  spine  ore  called  vertelim ; 
Ths  brain-ease  is  thus  a  perfectwhole,  at  each  interstice  between  Ihese  bones, 
secure  on   all   sides,  and  strengthened  there   is   a  peculiar  gristly   subslanu.', 
wherethe  exposure  to  mjury  is  the  great-  which  is  BqueczeJ  out  from  betwixt  thi' 
est   We  shall  see,  in  the  column  which  bones,  and.  therefore,  permits  them  to 
.,^-^_^^^^.^^^— — ^^^^^-— ^^^  approach  and  play  a  little  in  the  mu- 
•  Aitkmili  ilier  ■»  Htid  u*kH  nuiuabd  witt  '^""^  Of  the  body.  This  gTisthr  substance 
Ibg  bniUiai «( ih*  crwiuni,  ud  b«r  u  rcUliiia  la  is    inclosed    in    an    eliUitic    binding,   or 
™Mll;^,SLS:diri?aS;S2rtatr^  membrane   of   great    strength.   «hich 
V>«>  wiik  <*'  nrfuH  tf  ttebniB,>vl  iadiaM  passes  fi^om  the  edge  or   border  of  one 
fMti«i»r  upicitiH  u  laiaM.  Vertebra,  to  the  border  of  the  one  next 
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(t  When  K  weight  is  upon  the  body,  the  nhich  he  taliea  vibrate  to  the  interior  of 
toft  gristle  is  pressed  out,  and  the  the  head,  and  jar  on  the  brain, 
membrane  yielus  :  the  moment  the  We  have  hinted  at  a  comparison  lie- 
weight  is  removed,  the  membranes  re-  twixt  the  attachment  of  the  spine  to  the 
coil  by  their  elasticity,  the  gristle  is  pelvia  and  the  insertion  of  the  mast  of  a 
pressed  into  its  place,  and  the  bones  ship  into  the  hull.  The  mast  goes  di- 
resume  their  position,  xectly  through  the  decks  without  louch- 

We  can  readily  understand  how  ^at  ing  them,  and  the  heel  of  the  mast  poes 

the  influence  of  these  twenty -four  join-  into  the  step,  which  is  formed  of  lurge 

ings  must  be  in  giving  elasticity  to.  the  solid  pieces  of  oak  timber  kid  across 

whole  column ;    and   how  much  tM*  the  keelson.    The  keelson  is  nn  inner 

must   tend   to  the  protection  of  the  ked  resting  upon  the  floor-timbers  of 

brain.     Were   it  not    for  this   iiilorjio-  the   sliip  und   direcUy  over  line  proper 

■ition  of  elastic  material,  every  motion  keel.     These  are  contrivances  for  en- 

o  the  larging   the  base   on   which   the  mast 

[1  we  rests  as  a  column:  for  as,  in  proporliun 

should  Butfur  almost  as  much  in  alight-  to  the  height  and  weight  of  a  column, 

ingonour  feet, asin  fallingon  our  head,  its  base  must  be  enlarged,  or  it  would 

It  is,  ks  we  have  already  remarked,  sink  Into  the  earth ;  SO.  if  the  mast  were 

necessan'  to  interpose  thm  plates  of  to  bear  upon  a  point,  it  would  break 

lead  or  slate  between  the  different  pieces  through  the  bottom  of  the  ship. 
of  a  colunm  to  prevent  the  edges  {tech-        The  most  is  supported  upright  by  the 

tiically  called  atrises)   of  the  cylinders  shrouds  and  stays.   The  shrouds  secure 

from  coming  in  contact,  as  they  would,  it  against  the  lateral  or  rolling  motion, 

in  that  case,  chip  or  split  off.  and  the  slays  and  backstays  against  the 

But  Ihere  is   another   very  curious  pitching  of  the  ship.     Tliese  fi<na  what 

prorision   for    the   protection    of    the  is  termed  the  standing   ri^ng.      The 

bnun :   we  mean  the  curved  form  of  the  mast  docs  not  bear  upon  the  deck  or 

spine.      If   a  steel    spring,  perfectly  on  the  beams  of  the  ship;  indeed  there 

straight,  be  pressed  betwixt  the  haniu  is  a  space  covered  with  convaj  betwixt 

from  its  exlremities,  it  will  resist,  not-  the  deck  and  the  mast. 
withstanding  its  elasticity,  and  when  it         We  often  hear  of  a  new  ship  ^ing 

does  rave  way,  it  will  be  ivilh  a  jerk.  to  sea  to  stretch  herrig^ng ;  that  is,  to 

Such  would  be  the  effect  on  the  spine  permit  the  shrouds  and  stays  to  be 

if  it  stood  upright,  one  bone  perpendi-  stretched  by  the  motion  of  the  ship, 

cuW  to  another ;  for  then  the  weight  after  which  ihey  are  agiiin  braced  light: 

would  bear  equally ;  the  spine  would  for  if  she  were  overtaken  by  a  storm 

yield  neither  to  one  side    nor  to   the  t>efore  this   operation,    and  when  the 

other;  anil,  consequently,  there  would  stays   and   slu-ouds  were    relaxed,  the 

be  a  resistance  from  the  pressure  on  all  mast  would  lean  neainst  the  upper  deck, 

sides  beina;  balanced.     We,  therefore,  tiy  which  it  would  be  sprung  or  carried 

see  the  great  advantage  resulting  from  away.     Indeed,  ll>e  greater  proportion 

thehumnn  spinebeinEin  the  formof  an  of  masts  that  are  lost   ore  lost  in  this 

italicy*.  It  is  prepared  toyield  in  the  di-  manner.  There  are  no  boats  wlucli  keep 

reclion  of  its  curves;  the  pressure  is  of  the  sea  in  such  stoi-ms  as  thuse  which 

necessity  more  upon  one  side  of  the  navigate  the  gulf  of  Finland.      Their 

column  than  on  the  other ;  and  its  elas-  masts  are  not  attached  at  all  to  the  hull 

ficity  is  immediately  in  operation  with-  of  the  ship,  but  sinuply  rest  upon  the 

out  a  jerk.     It   yields,  recoils,  and  so  step. 

fcrms  tlie  most  perfect  spring ;  admira-  Although  the  spine  has  not  a  strict 
bly  ctdcukted  to  cany  the  head  without  resemblance  to  the  masl,  the  con- 
jar,  or  injury  of  any  kind.  trivances  of  the  sliip- builder,  however 

The  most  unhappy  illustr^on  of  all  different  from  the  provisions  of  nature, 

this  b  the  condition  of  old  age.     The  show  what   olgect  is  to  be   attained  ; 

tables  of  the  skull  are  then  consolidated,  and  when  we  are  thus  mnde  aware  of 

and  tlie  spine  is  rieid :   if  an  old  man  vi  hat  is  necessary  to  the  security  of  a 

should     fall   with   his   head   upon  the  column   on  a  moveable   base,  we  are 

CBipet,  the  blow,  which  would  be  of  no  prepared  'to    appreciate    the    superior 

consequence  to  the  elastic  frame  of  a  provisions  of  nature  for  giving  security 

child,  may  to  him  prove  fatal ;  and  the  to  the  hiunan  spine, 
rigidity  of  the  spine  makes  every  step        The  human  spine  rests  on  what  is 
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called the|Mii<u,  wbuin; — aeintleof  force  is  communicated   to  the  loweit 

bones,  of  which  the  heunchea  uethe  bone  of  the  spine.    But.  then,  the  sur- 

extreme  lat«^l  puts ;  uid  the  sacrum  bees  of  these  bones  stand  with  a  veiy 

(which  is  as  the  keystone  of  the  vch)  slight  degree  of  obUqiiity  to  the  hne  of 

may  be  telt  at  the  lower  part  of  (he  motion ;  the  shock  communicated  fiiim 

back.    To  this  central  b«ie  of  the  arch  the  lower  to  the  second  bone  of  the 

of  the  pelvis  the  spine  is  connected ;  Tcrtebr*  is  still  in  a  direction  very  near))' 

and,  taking  the  simSitude  of  the  mast,  perpendicular  to  its  sur&ce  of  contact. 

the  sacrum  is  as  the  «(«p  on  which  the  The  same  takes  place  in  the  commu 

base  of  the  pillar,  like  the  heel  of  the  nication  of  force  from  the  second  toth« 

mast,  is  socketed  or  morticed.     The  third,  and  from  the  thini  to  the  fourth ; 

spineistied  to  the  lateral  parti  of  th«  aolhatbefore  theshockoflhehoriiontsl 

pelvis  by  powerfid    ligaments,  which  motion    acts   upon    the  perpendicular 

may  be  compared  to  Uie  shrouds.  Thej  spine,  it  is  distributed  over  four  bonei 

secure   the  lower    part    of   the   spine  of  thiit  column,  instead  of  the  whule 

against  the  shock  of  lateral  motion  or  i'urce  bt^in^  coiieenlrntt^  upon  the  joia- 

roUing;    but,  instead  of  the  stays  to  ingof  any  two,  as  at  A. 

linut  the  play  of  the  sirine  forwards  and  I  f  t  he  column  stood  upriRht.  as  indi- 

backwards  m  pitching,  or  to  adjust  the  csted  at  C  D,  it  would  be  jarred  at  llie 

rake  of  the  mast,  there  is  a  veiy  beau*  lowest  point  of  contact  with  its  base. 

tiful  contrivance  in  the  lower  put  «f  But  by  furniin|f  a  semicircle  A  B.  Die 

the  column.  motion  which  in  the  direction   E  ?, 

The   spine  forms   here   a   semicircle  '  would  produce  ajar  on  the  veij  lowett 

which  has  this  effect ;  that,  whethnr  by  part  of  the  column,  is  distributed  over 

the  exertion  of  the  lower  eitremilies,  a.  considerable  portion  of  the  cohmin 

the  spine  is  to  be  carried  forward  upoa  A  B  ;  nnd  in  point  of  fact,  lliis  part 

the  pelvis,  or  whether  the  body  stops  of  the  spine  never  ^ives  way.     Indeed, 

suddenly  in  running,thejar  which  would  we  should  l)einclin«l  to  offer  thismoda 

necessarily  take  place  at  the  lower  part  to  the  consideration  of  nniitical   men, 

of  the  spme  A.  if  it  stood  uprieht  like  as  fruitful  in  hiuts  for  imp^o^i^g  naia! 

a  mast,  is  distributed  over  »ev«ru  of  the  architecture. 

bones  oF  the  niine.   1,  3,  3,  4,  and.  Every  one  who  has  seen  a  ship  pilch- 

therefore,  the  chance  of  imuty  at  any  mg  in  n  heavy  sea,  must  have  a  '    ' 

particular  part  is  diminished.  "■' — "-•-- ■>---- 


Fig.  6. 


For  example,  the  tunim,  or  eentr« 
bone  of  the  pelvis,  bring  earned  for- 
vaid,  as  when  one  is  about  to  run,  the 


himself  why  the  maists  are  not  upright, 
or  mtlier,  why  tlie  foremast  standi 
upright,  whilst  tht:  mun  and  mizim 
masts  stand  oblique  to  the  deck,  or,  as 
the  phrase  is,  rake  <ifl  or  towards  the 
stem  of  the  ship. 

Tlie  main  and  mi  sen  masts  incline 
backwards,  because  the  strain  is  pal- 
est in  the  forward  pitch  of  the  vessel; 
for  Uie  mast  having  received  an  impulse 
forwards,  it  is  suddenly  checked  as  llie 
head  of  the  ship  rises ;  but  the  maft 
being  set  ivith  an  inclination  backwMds, 
the  motion  falls  more  in  the  perpendi- 
cular line  from  the  head  to  tlie  he«l. 
Tliis  advantage  is  lost  in  the  upright 
position  of  the  foremast,  but  it  is  sacri- 
flced  to  a  superior  advanlaee  gained  in 
working  the  sliip  j  the  saifs  upon  this 
mast  act  more  powerftilly  in  swaying  the 
vessel    round,  and  the    i>erpendiculBr 

Ksilion  causes  the  ship  to  tack  or  stay 
Iter;  but  Ola  perpendicular  posiliou, 
as  we  have  seen,  causes  llie  strain  in 
pitching  to  come  at  right  angles  to  the 
mast,  and  is,  Uicrefore,  more  agt  to 
spring  it. 
These  considerations  give  so  interest 
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to  the  fket,  that  Uu  hunun  qtine,  &vm  iida|ited  to  yield  iu  every  shock  or  mo- 

Uj  utmost  convcii^  sear  ita  base,  in-  tion  of  the  body.    The  elasticity  of  this 

dioeg  backwards.  portion  subdues    those  shocks  which 

would  occasion  the  breaking  of  the  libs. 

We  lean  forward,  or  to  one  side,  and 

Chaftss  III.  the  ribs  accommodate  themselves,  not 

by  a  change  of  form  in  the  bones,  but 

0/  A«  Chttl,  bv  the  bendini;  or  elastid^  c^  the  car- 

tUaj^es.  A  severe  blow  upon  the  ribs 
In  cxlenijiii^  the  parallel  which  we  pro-  does  ii^t  Invuk  Ihciii,  Ix'causc  their  ex- 
posed twtween  the  structure  of  the  body  Ireniities  recoil  and  yiuld  to  the  violence. 
B[id  tlic  works  of  human  art,  it  signifies  It  is  onW  in  youth,  however,  when  the 
very  lillle  to  what  part  we  turn ;  for  the  human  fraini;  is  in  perfection,  that  this 
happy  adaptation  of  means  to  the  end  pliancy  and  elasticity  have  full  effect. 
wiU  everyM'here  challenge  our  admini-  When  old  age  approaches,  the  carti- 
tion,  in  exaut  proportion  to  our  SUCCESS  lages  of  Itie  ribs  become  bony.  They 
in  eomprehending  the  provisions  which  a&ch  tliemselves  firmly  to  the  breast- 
Supreme  \Visdom  has  made.  We  turn  bone,  and  (he  extremities  of  the  ribs  are 
now  to  a  sliort  view  of  the  bones  of  the  fixed,  as  if  the  whole  nrch  were  formed 
chest.  of  bone  unyielding  and  inelastic.  Tlien 
The  thorax,  or  chest,  is  composed  of  every  violent  blow  upon  tlie  side  is  at- 
bo[ies  and  cartilages,  so  disposet]  as  to  (ended  with  fracture  of  the  rib,  an  ac- 
suslain  and  protect  the  most  vital  parts,  cident  seldom  occurring  in  childhood, 
the  hi'firt  and  lungs,  and  to  turn  and  or  in  youth. 

twist  withperftcl  facility  in  every  motion  But  there  is  a  purpose  still  more  im- 
of  Uie  lioily;  and  to  be  in  incessant  portant  tobe  accomplishL'dby  means  of 
motion  in  the  act  of  respiration,  without  the  elastic  structure  of  tlic  ribs,  as  partly 
B.  moment's  interval  during  a  whole  life  formed  of  cartilage.  This  is  in  the 
In  annlomical  description,  the  thorax  action  of  breatlung,  or  respirelion ;  es- 
is  formed  of  the  vertebral  column,  or  pecially  in  the  more  highly-raised  respi- 
spine,  on  the  back  part,  the  ribs  on  ration  which  is  necessary  in  great  exer- 
either  side,  and  the  breastbone,  or  ster-  Uons  of  bodily  strength,  and  in  violent 
num.  on  the  fore  part.  But  the  thing  exercise.  There  arc  two  acts  of  breath- 
most  to  be  admired  is  the  manner  in  v^—apiration,  or  (he  sending  fortli 
which  these  bones  are  united,  and  es-  of  the  breath :  and  inspiration,  or  the 
pecially  the  maimer  in  which  tlie  ribs  drawing  in  of  the  breath.  When  tlie 
are  joined  to  the  breas(bane,  by  the  in-  chest  is  at  rest,  it  is  neither  in  the  state 
terposition  of  cartilages,  or  gristle,  of  a  of  expiration  nor  in  that  of  inspiration ; 
substance  softer  than  bone,  and  more  it  is  in  an  intermediate  condition  bc- 
elastie  and  yielding.  By  this  quality  tween  these  two  acts.  And  the  miia- 
they  are  fitted  for  protecting  the  chest  cular  effort  liy  which  either  inspiration 
against  the  effects  of  violence,  and  even  or  expiration  is  produced,  is  an  act  in 
for  sustaining  Ulb  after  the  museuliu;  opposition  to  the  elastic  property  of  the 
power  of  respiration  has  become  too  ribs.  Tlie  property  of  the  ribs  is  to 
feeble  to  continue  without  this  sup-  preserve  the  breast  in  tlie  intenuediale 
port.  state  between  expiration  and  inspira- 
If  the  ribs  were  complete  circles,  tion.  The  muscles  of  respiration  are 
formed  of  bone,  and  extending  fi'um  excited  alternately,  to  dilate  or  to  con- 
tlie  spine  to  the  breastbone,  life  would  tract  the  cavity  of  the  chest,  and,  in 
be  endangered  by  any  accidental  frac-  doing  so,  to  raise  or  to  depress  the  ribs, 
ture  ;  and  even  the  rubs  and  jolts  to  Hence  it  is,  that  both  in  inspiration  and 
wliich  the  human  frame  is  continually  in  expiration  the  elasticity  of  the  ribs 
exposed,  would  ha  too  much  for  their  is  called  into  play ;  and,  were  it  within 
delicate  and  brittle  texture.  But  tliese  our  province,  it  would  tie  easy  to  show, 
evils  are  avoided  by  the  intErposition  of  that  the  dead  power  of  the  cartilages  of 
the  elastic  cartilage.  On  then-  forepart  the  ribs  preserve  Lfe  by  respiration,  after 
the  ribs  are  eked  out,  and  joined  to  the  the  vital  muscular  power  would,  wilh- 
breastboneby  means  of  cartilages,  of  a  out  such  assistance,  be  too  weak  to 
form  corresponding  to  that  of  tlie  ribs,  continue  Ufe. 

being,  as  it  wei-e,  a  completion  of  the  It  will  at  once  be  understood,  from 

arch  of  the  rib,  by  a  subBUuue  more  what  has  now  been  explained,  how.  in 
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MB,  violent  fflCBKase  or  exertion  ii  under  means,  the  bones,  although  large  and 

rcslmint.insofarasitdependsonresiri-  atronK  to  withstand  the   operabon   of 

ration.  The  elastidty  of  flie  cartilages  ia  powerful  muscles  upon  them,  are  much 

gone,  the  circle  of  the  ribs  is  now  mi-  lighter  than  those  of  quadrupeds, 

yielding,  and  will  not  allow  that  high  The  long  bones  of  the  human  body, 

breathing,  that  sudden  and  great  dila-  being  hollow  tubes,  are  called  eyhndti- 

ting  and  contracting  of  the  cavity  of  the  cal,  though  they  are  not  accurately  (o, 

chest,  which  is  required  for  circulating  the  reason  of  which  we  shall  presenUy 

the  blood  throu^  the  lungs,  and  re-  explain;  and  we  shall,  at  the  same  limt, 

iieving  the  heart  amidst  the  more  tu-  show  that  their  irregularities  are  not 

midtuous  flowing  of  the  blood  which  aocidental,   as    some    ha^e    imaeiind 

exeicise  and  exertion  produce.  But  let  us  first  demonstrate  the  advan 
tage  which,  m  the  structure  of  Ihe 
bones,  is   denved  from  the  cylindneal 

Chapter  IV.  form,   or  a  form    approaching  to  that 
of  the  cylinder.     If  a  piece  of  Umber 

Daign  fhoum  in  the  Structure  of  A»  •tTO«rted  on  two  points,  thus- 

Bone*  and  Joint*  of  Ihe  Extremttiet.  ^     _ 

^  Fig  1 

That  the  bones,  which  form  the  interior 
bf  animal  bodies,  should  hare  the  most 
perfect  shape,  combining  strength  and 
lighlness,  ought  not  to  surprize  us,  whan 
we  find  this  in  the  lowest  vegetable  pro- 
duction. 

In  the  sixteenth  century,  an  unfortu- 
nate man  who  taught  medidne,  philO' 
sophy,  and  theology,  was  accused  of' 
alheisdcal  opinions,  and  condemned  to 
have  hiis  tonf^e  cut  out,  nnd  to  suffer 
death.  When  brought  from  his  cell  bear  a  weight  upon  i(,  it  sustains  this 
before  tile  inquisition,  he  was  asked  if  veiglit  by  ilifTerent  quahties  in  its  dif- 
he  believed  in  God.  PicWng  up  a  straw  ferent  parts.  For  example,  <Uvide  A 
which  had  stuck  to  hw  garments,  "  It"  into  three  equal  parts  (A, B.C.):  the  up- 
said  he,  "there  was  nothing  else  in  nature  per  part  A  supports  the  weight  by  lli 
to  teach  me  the  existence  of  a  Deity,  soliculy  and  resistance  to  compression ; 
even  this  a&aw  would  \k  sufficient!"  the  lowest  part  B,  on  the  other  hand. 

A  reed,  or  a  quill,  or  a  bone,  may  resists  by  its  touehness,   or  tulhcsite 

be  taken  to  pove  that    in  Nature's  quality.    Betwixt  Uie  portions  acting  in 

works  strength  is  riven  with  the  least  so  different  a  manner  thei«  is  an  inter- 

Kssibls  e^nse  of  materials.  The  long  mediate  neutral,  or  central  part  C,  th.it 

nea  of  animals  are,  for  the  most  part,  may  be  taken  away  without  materially 

hollow    cylinders,    filled   up  with    Ihe  weakening    the    beam,    which    shows 

lightest   substance,    marrow ;    and    in  that  a  hollow   cylindei  is  the  form  of 

bu^s  the  object  is  attained  by  means  (if  strength.    The  Writer  lately  observed  i 

ire  may  be  permitted  to  say  so)   still  good   demonstration  of  Ihis  ; — a   large 

more  artificial.      Every  one  must  have  tree  was  blown  down,  and  lav  upon  llie 

observed,  that  the  breast-bone  of  a  fowl  ground;  to  the  windward,  I  ne  Broken 

extends  along  the  whole  body,  and  that  part  gaped ;  it  had  been  torn  asunder 

the  body  is  very  lai^  comparL-d  with  like  Uie  snapping  of  a  rope :  to  the  lee- 

the  wt^ht :  this  is  for  the  purpose  of  ward  dde  of  the  tree,  the  fibres  of  Ih* 

rendering      the     creature     specifieally  stem  were  crushed  into  one  niiother  and 

lighter   and   more  buoyant  in  the  ext ;  splintered ;  whilst  the  central  part  re- 

and  that  it  may  have  a  surface  for  the  mained  entire.    This,  we  presume,  must 

attachment  of  muscles,    equal   to   Ihe  be  always  the  case,  more  or  less  ;  and 

exertion   of   raising   it   on   the   wing,  here  we  take  (he  opportunity  of  noticing 

This  combination  of  lightness  with  in-  why  the  arch  is  the  form  of  strength. 

creaM  of  volume,  is  gained  by  air-cells  If  this  transverse  piece  of  timber  were 

extending  tlirough  the  body,  and  com-  in   the   form    of    an    arch,    and   sup- 

municating  by  tu"bes  between  the  lungs  ported  at  the  extremities,  then  its  whole 

•nd  cavities  of  the  bones.    By  these  thickness,  its  centre,  as  well  as  the  upper 
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knd  lower  parts,  would  lupport  weisht 
by  resisting  compression.  But  tlie  de- 
inoDBtration  may  be  carried  much  fiir- 
Uier  to  show  tne  form  of  Etrenzth  in 
the  bone.  IF  the  part  of  the  cylinder 
which  bears  the  pressure  be  made  more 
dense,  the  power  of  resistance  wiU  be 
much  increased  ;  whereas,  if  a  lisa- 
mentous  covering  be  added  on  the  other 
side,  it  will  atre^then  the  part  which 
resists  extension:  andweobserveararo- 
vision  of  Ihis  kind  in  the  lough  fi^- 


iviiich  run  along  the  verlebrse  of 
the  hai-k. 

When  we  see  tlie  bone  cut  across,  we 
tre  forced  to  acknowledee  that  it  is 
formed  on  the  principle  of  "the  cylinder ; 
that  is,  that  tne  material  is  removed 
from  llie  centre,  and  aecumiJated  on 
the  circumference,  thus — 


serlion  of  the  harder  portion  of  wood 
increases  this  property  of  resistance. 
With  this  tact  before  us  we  may  return 
to  the  examination  of  tlie  spine  of  bone. 
We  see  that  it  is  calculated  to  resist 
pressure,  first,  because  it  is  6jrther  re- 
moved from  the  eenfre  of  the  tylinder ; 
and,  secondly,  because  it  is  denser,  to 
resist  compression,  than  the  other  port 
of  the  circumference  of  the  bone*. 

This  explanation  of  the  use  of  a  spina 
upon  a  bone  gives  a  new  interest  to 
osteology*.  The  anatomist  ought  to 
deduce  from  the  form  of  tlie  spine  the 
motions  of  the  limb ;  the  forces  ijearing 
upon  the  bone,  and  the  nature  and  the 
common  place  of  fracture:  while,  to 
the  general  entjuirer  an  aereeable  pro- 
cess of  reasonine  is  introduced  in  tliat 
department,  whicn  is  altogellier  without 
interest  when  the  "  irregulariliei'  of 
the  bone  are  spoken  of,  as  if  lliey  were 
the  accidental  consequences  of  the  pres- 
We  find  a  spine,  or  ridge  running  along  sure  of  the  flesh  upon  it. 
the  liijiiu,  \ihieh,  when  divided  by  the  Although  treating  of  the  purely  me- 
saw  in  a  transverse  direction,  exliibits  chanicle  principle,  it  is,  perhaps,  not 
an  irregularity,  as  at  A.  far  removed  from  our  proper  objeot  to 

The  section  of  this  spine  shows  a  sur-  remark,  that  a  person  of  feeble  texture 
(ace  as  dense  as  ivory,  which  is,  there-  andindolenthabitshasthebonesraooth» 
fore,  much  more  capable  of  resisting  thin,  and  light ;  but  that  Nature,  solioi- 
compression  than  the  other  part  of  the  tousforoursatety,  in  a  manner  which  we 
cybndtT.  which  is  common  bone.  This  could  not  anticipate,  combines  with  the 
declares  what  the  spine  is.  and  the  ana-  powerful  musculai-  frame  a  dense  and 
tomists  must  be  wrong  who  imneino  perfect  toture  of  bone,  where  every 
that  the  bone  is  moulded  by  the  action  spine  and  tubercle  is  completelv  de- 
of  the  muscle,  and  that  the  spine  is  a  ve!o[>ed.  And  thus  the  inert  and  me- 
mere  ridge,  arising  by  accident  among  chanical  provwions  of  the  bone  alwayi- 
the  aiuseies.  It  is,  on  the  contrary,  a  hear  relation  to  the  muscular  power  of 
strenirllitnine  of  the  bone  in  the  direc-  the  Umb,  and  exercise  is  as  necessary 
tioo  on  «hicli  the  weight  bears.  If  we  to  the  perfect  constitution  of  a  bone  as 
resume  the  experiment  with  the  piece  it  is  to  the  perfection  of  the  muscular 
of  timber,  wc  sliall  learn  why  the  spine  power.  Jockies  speak  correcllv  enough, 
is  hauler  than  the  rest  of  the  bone.     If    when   they  use  the  term   "  olood  and 

aportion  of  the  upper  part  of  the  tim- 

Imb-  be  cut  sway,  and  a  harder  wood  in- 
serted in  its  place,  the  beam  will  ac-      *  *■ ""  i'"*  A  b  uiniiii  hri^cr  fmii  ihe  cfuim 
quire  a  new  power  of  resisting  (Vbc-    m'^^^'^f^^^"'^Mbif^,ll\l\"i^ltt^ 
ture,    because,    as    we    have    slated,    * "  «•'-  h  r-. 
this   part  of  liie  wood  does   not  yield 
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don*,"  as  distmgtushing  the  breed  or  bone  permits  the  outer  shell  to  be  ray 

genealoRf  of  bones;   for  blood  is  hi  thin,  so  that  vrhSst  the  centre   of  the 

allowable  term  for  the  race,  and  bonft  long;  bones  an  cylinders,  their  extreml- 

b  BO  fiir  significant,  that  the  tjooe  of  a  ties  are  of  a  unitbrai  csncellsted  struc- 

running  horse  b  remarkably  compact  tore.    But  it  is  pertinent  to  our  piirpose 

compwed  with  the  bone  of  a  draught  to  notice,  that  Oiis  minute  luttice-work, 

horse.    The  reader  can  easily  under-  or  the  cancelli   which  constitute   the 

■land,  that  the  wpaa  in  the  gallop  must  interior  structure  of  bone,    have  siiU 

give  a  shock  in  proportion  to  its  length;  reference  to  the  forces  acting  on  the 

•nd,  as  in  man,  so  in  the  horse,  the  bone ;  if  any  one  doubts  this,  let  him 

greater  the  niuseular  power  tiie  denser  tualie  a  section  of  the  upper  and  lower 

and   stronger  is   the   Done-  end  of  the  thiei'h-bDne,   and   let  him  in- 

The  iMme  not  Vwing  as  a  mere  piUu,  quire  what  is  the  meaning  of  the  dif 

iirtended  to  bear  a  perpendicular  weiglil,  ference  in  the  lie  of  these  minnte  Ixiny 

we  ought  not  to  expect  uniformity  in  its  fibre*,    in  the  two   extremities?      He 

shape.      Each  twne,   according  to   its  wHl  ftnd  that  thehead  of  the  thighbone 

place,   bears    up    agwnst   the  varying  stands  obliquely  off  from  the  shaft,  and 

forces  that  arc  applied  to  it.     Consider  that  the  ivliule  weight  tx'ars  on  what  is 

two  men  wrestling  together,  and  then  lfir;i'  !   II  ■■    '■■■■.■.■'    .'■    ■■''..■■.■,''■  ,-   ,ind  to 

think  how  various  the  property  of  re-  !■■            i         -  '               "        .    n.11  these 

sislances  must  be:   here  they  are  pull-  <]•                                               L-jiit  from 

iftg,  and  tlie  bones  arc  lile  ropes ;  or  the  head  and  neck  of  the  bone,  which 

again,  Ihcy  are  nrilhing  and  twisting,  may    be    rudely    rqvesented    in     this 

and  the   bones  tiear   a  force   like   the  way. 
axle-tree  between  two  wheels ;  or  fhey 

are  Kke  a  pillar  under  a  great  weight ;  Fig.  to. 
or  tliey  are  acting  as  a  lever. 

To  withstand  these  different  shocks, 
a  bone  consists  of  three  parts,  the  «ir/A 
of  bone  {sub-phosphate  of  lime) ;  JIbret 
to  give  it  toughness  ;  and  cartilag'^  to 
give  it  elasticity.  These  ingreiEenla 
are  not  uniformly  mixed  up  in  all 
bimes;  but  same  bones  are  hard,  from 
the  prevalence  of  the  earth  of  bone ; 
some  more  fibroas,  to  resist  a  pull  upon 
them  ;  and  some  more  elastic,  to  resist 
the  shocks  in  walking,  leaping,  &c. 
But  to  return  to  the  forms :— Whilst  the 
centre  of  the  long  bones  is,  as  we  have 
stated,  cylindricd,  their  extremities  are 

expanded,  and  assume  various  shapes.  tiiVJ 
The  expansion  of  the  head  of  the  bone 

is  to  give  a  greater,   and  consequently  We  may  here  notice  "an  opinion  that 

a.  more  secure  surface  for  the  joint,  and  has  been  entertained,  in  regard  to  the 

its  form  regulates  the  direction  in  which  sire  of  animals.    It  is  believed  that  the 

the  joint  is  to  move.    A  jockey,  putting  material  of  bone  is  not  enable  of  siip- 

lus  hand   on  the   knee   of  a  colt,  and  porting  a  creature  larger  than  the  elc- 

finding   it  broad  and   flat,  augurs  the  phant.  or  the  nuutodon,  which  is  the 

perfcclion  of  the  full-grown  horse.    To  name  of  an  extinct  animal  of  great  size, 

admit   of  tliis  enlargement  and  differ-  the  osseous  remdns  of  which  are  stil) 

once  of  form,  a  change  in  the  internal  found.     This  opinion   is  countenanced 

sb-ucture  of  tlie  bone  is  necessary,  and  hy  observing  that  their  bones  are  very 

the  hollow  of  the  tube  is  filled  up  with  clumsy,   that  their  spines   are  of  great 

ciMcerti,  or  lattice-work.   These  canc««i  thickness,  and    that   theff    hollow  cy- 

of  the  bone   are  minute  and  delicate-  linders    are     almost     filled     up    with 

like  wires,  which  form  lattice-work,  ex-  bone. 

tending  in  all  directions  through   the  It  ^be  illustrated  inthis  manner;— 

interior  of  the  bone,  and  which,  were  A  soft  stone  projecUng  from  a  wall  may 

It  elastic,  would   be  like   a   sponge.—  make  a  stUe.  strong  enough   to  bear  a 

This   more    uniform    texture    of  the  perwin's  weight ;  bnt  if  it  ware  neces- 
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nrf  to  donUe  it*  lowth,  the  thickness  and  that  he  £i)di  Out  the  fbnn  of  the 
nnift  be  more  th&n  doubled,  or  a  free-  bone  does  not  admit  of  A-ee  motion  in 
■tone  sutwtitnted ;  and  were  it  neces-  various  directions,  like  the  paw  of  the 
»«ry  to  make  this  freestone  prdect  twice  carnivorous  creature.  It  is  obvious,  by 
u  far  fh>m  the  wall,  even  if  doubled  in  the  structure  of  the  part,  that  the  limb 
thickness,  it  would  not  be  strong  enough  must  have  been  merelj  for  supportini; 
to  bear  a  proportioned  increase  of  the  knimal,  and  for  proeression,  and  not 
wei^t:  granite  mnst  Im  placed  in  its  for  seizing  prej.  This  leads  him  to 
■iead ;  and  even  the  granite  would  Bot  the  fact  that  there  were  no  tMnes  re- 
be  capable  of  suataji&ifr  four  times  the  sembling  those  of  the  hand  and  fln- 
wei^t  which  the  soft  itone  bore  in  the  rem,  or  those  of  tlie  claws  of  the  tiger ; 
first  instance.  In  the  iBine  way  the  for  the  motions  which  that  conforma- 
■tones  wlueh  fb^m  an  arch  of  >  Is^ge  tion  of  bones  permita  in  the  paw, 
spMi  must  be  of  the  hardest  granite,  or  would  be  useless,  without  the  rotation 
trieir  own  weight  would  crush  them,  of  the  wrist — he  concludes  that  these 
The  some  principle  is  applieable  to  tha  bonea  werv  formed  in  one  mass,  hke 
bonea  of  animals.  Tlie  niiiterial  of  (he  caniioti  Ijone,  pustern-bone,  and 
bone  is  too  suit  to  admit  nn  indefir.ile  coffin-bones  of  the  horses  foot.* 
increase  uf  weight;  and  it  ia  tinuther  The  motion  limited  to  Iteution  and 
illustt-iition  of  what  was  before  stated,  extension  of  the  foot  of  a  hoofed  animal 
that  tlierc  is  a  relation  eslnblished  implies  the  absence  of  a  collar  bona 
ttarouf^h  all  nature,  and  that  the  very  and  a  restrained  motion  in  the  shoulder 
animnls  which  move  upon  the  surface  joint ;  and  thus  the  naturalist,  from  ths 
of  the  farlh  are  proportioned  to  it»  specimen  in  his  hand,  has  got  a  perfect 
magrriliiile,  and  Ihe  p«vitation  to  its  notion  of  alt  the  bones  of  the  anterior 
centn>.  Archdeacon  Palejr  has  with  great  extremity  I  The  motions  of  the  extre- 
propriety  taken  the  instance  of  the  form  mities  imply  a  condition  of  the  spine 
of  tht'  vnils  of  bonca,  as  proving  design  which  unites  them.  Each  bone  of  the 
in  thi,'  [ntchaTiism  of  ajomt.  But  there  spine  will  have  thatform  which  permits 
is  sorncthing  so  highly  mleresting  in  the  the  bounding  of  the  stag,  or  the  gallop- 
conformation  of  thewholeskeleton  of  an  ing  of  the  horse,  but  it  will  not  have 
animiil.  and  the  adaptation  of  any  one  that  form  of  joining  which  admits  the 
part  to  all  the  otha'  parts,  that  vre  must  turning  or  writhing  of  the  spine,  as  hi 
not  let  our  rcadets  remain  ignorant  of  Oie  leopard  or  the  tiger, 
the  fiicta,  or  of  the  important  conclu-  And  now  he  comes  lo  the  head  i— th« 
Hons  drawn  from  them.  teeth  of  a  carnivorous  animal,  he  says, 

What  we  have  to  state  has  been  the  would  be  useless  to  rend  prey,  unless 

result  of  the  studies  of  many  natiu^hsts ;  there  were  claws  to  hold  it,  and  a  mo- 

but  although  they  have  laboxired,  as  it  bilily  of  tlie  extremities  like  the  hand,  to 

verOy  in  their  own  department  of  com-  grasp  it.    He  considers,  therefore,  that 

parative  anatomy,  they  hi»ve  failed  to  the  teeth  must  have  been  for  bruising 

seiie  upon  it  with  the  privilege  of  genius,  herbs,  and  the  back  teeth  for  grinding, 

and  to  iuiiulle  it  in  the  masterly  man-  The  socketing  of  these  teeth  in  llie  jaw 

ner  iif  L'nvier.  gives  a  pecijiar  form  to  these  Iwnes, 

Sujiposc  a  man  ignorant  of  anatomy  and  the  muscles  which  move  them  are 

to  pick  up  a  bone  in  an  unexplored  also  peculiar ;  in  short,  he  fbrms  f>  con- 

eountry,  he  learns  nothing,  except  that  cention  of  the  shape  of  the  skull.  From 

some  animal  has  lived  and  died  there ;  this  point  he  may  set  out  anew,  for  by 

but  the  anatomist  can,  by  that  single  the  form  of  the  leelh,  he  ascertains  the 

tune,  estimate,  not  merely  the  size  of  nature  of  the  stomach,  the  lenglhof  the 

the  arumnl.   as  well  as  if  he  saw  the  intestines, and  aU  thepeculiariticswhich 

print  of  ita  foot,  but  the  form  and  joints  mark  a  vegetable  feeder 

of  the   skeleton,   the   structure   of   its  Thus  the  whole  parts  of  the  animal 
jaws  and  teeth,  the  nature  of  its  food,  ■  ^tem  are  so  connected  with  one  ano- 

and  its  internal  economy.    This,  to  one  ther,  that  Irom  one  single  bone  or  ftag- 

ignorant   of  the  suHect,  must   appear , 

wonderful,  but  itis  after  this  manner  that  ^                                    wbortii  JidiBcnlito 

the  anatomist  proceeds :  let  us  suppose  Tta<^\ts  ™7*"i™liia^'^ Tfc°  c«rpu«,  iii»Hir«t- 

that    he  has   taken  up  that  portion  of  po.ma  bo.Mi>{  rhe  finjmi  mJ  r»ironip«t»ii« 

bone    in   the   limb   of  the   quadrujied  "'''^^^^^" ^^ ^^ i^^i^^i  ^^t tPat 

wbicfa  Gorresponds  to  the  human  wnsl ;  mik  -a  Lli^bm 
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mentof  bofie,  beitoftbejaw.  or  of  the  doubt,  there  have  been  inhabitahla  hen; 
apine,or  of  the  extremity,  »  really  accu-  I  recognise  the  hand  of  a  famous  sculp- 
rate  conception  of  the  shape,  motioni,  tor :  I  admire  the  delicacy  with  which 
and  habits  of  the  aninuu,  may  be  he  has  proportioned  all  the  members  of 
formed.  ■      the  body  to  give  them  beauty,  grace,  and 

It  \i^  readily  be  nndarstood  that  the  m^esty,  to  indicate  the  motion  and  ei- 
■ame  process  of  reasoning  will  ascer-  pressiun  of  life."  But  it  mav  be  asked, 
tain,  from  a  small  portion  of  a  skeleton,  what  would  such  a  man  tiiink  ifhij 
the  existence  of  a  carnivorous  animal,  companion  were  to  say, — "  Not  at  !>1], 
or  of  a  fowl,  or  of  a  bat,  or  of  a  lizard,  no  sculptor  made  this  statue;  it  is 
or  of  a  fish ;  and  what  a  conviction  is  formed,  to  be  sure,  in  the  best  tasta, 
here  brought  home  to  us,  of  the  extent  and  according  to  the  rules  of  art,  but 
of  that  plwi  wWch  adapts  the  memtien  il  is  fonjcU  by  chance :  amongst  Ihe 
of  every  creature  to  its  proper  office,  many  fragments  of  marble,  tiicre  has 
and  yet  exhibits  a  syst^  eitending  been  one  thus  formed  of  itself.  The  rain 
through  the  whole  range  of  animated  and  the  winds  have  detached  it  from  tlie 
beinffs,  whose  motions  are  conducted  mountain,  and  a  storm  has  placed  it 
by  ue  operation  of  muscles  and  upright  on  the  pedestal.  The  pedestal. 
bones  loo.  was  prepared  of  itself  in  this  lonely 

After  all,  this  is  but  a  part  of  the  place.  True,  it  is  hTce  the  ApoLo,  or 
wonders  disclosed  through  the  know-  lheVenus,orlheHercu]es.  Youraiglit 
ledge  of  a  thing  so  despised  as  a  frag'  bdievelhat  Ihe  li^^urelired  and  thought; 
ment  of  bone.  It  carries  us  into  ano-  that  il  was  prepared  to  move  and  speak ; 
Iher  science;  since  the  knowledge  of  the  but  it  owes  nolhinf!  to  art ;  blind  chance 
skeleton  not  only  teaches  us  the  classi-  bns  placed  it  there."* 
flcation  of  creatures,  now  alive,  but  The  first  passage  su^esls  Ihe  con- 
afibrds  proofs  of  the  former  existence  miction  that  Oie  power  of  standing  pro- 
of animated  beings  which  are  not  now  ceeds  not  from  any  syramefry,  as  in  a 
to  be  found  on  the  surface  of  the  aarth.  pillar,  or  from  gravitation  alone.  It,  in 
We  are  thus  led  to  an  unexpected  con-  fact,  proceeds  from  an  internal  moxi- 
duaion  from  such  prtmises :  not  merely  sion,  by  whicli  a  man  is  capable  of  t5li- 
the  existence  of  an  individual  animal,  mating,  with  creat  precision,  the  indi- 
orraceof  animals;  liul  even  the  changes  nation  of  his  liody,  and  correcting  Ihe 
which  the  globe  itsolf  has  undercono  in  bias  by  the  adjustment  of  the  muscles. 
times  liefore  all  existing  records,  and  In  the  second  passage,  it  is  meant  to  l^e 
before  the  creation  of  human  beings  to  shown,  that  the  outward  proportion  of 
'"•■"'■it  the  earth,  we  opened  to  ourcon-  tlie  form  bears  a  relation  to  tlie  inlemal 
structure;  thnt  grace  and  expression 
are  not  superficial  qualities,  and  that  only 
ihe  Divine  Architect  could  iorai  such  a 
combination  of  animated  machinerj-. 
We  shall  consider  how  the  human 
This  may  appear  to  some  a  very  nmple  body  ij  prepared  by  mechanical  contri- 
inquity,  and  yet  it  is  very  ignorant  to  vancM  to  stand  upright,  and  by  wfiut 
suppose  that  it  is  so.  The  aulject  has  fine  sense  of  Ihe  grtivitalion  of  llie  bwly 
been  introduced  in  this  fashion:— "Ob-  the  muscles  are  excited  to  stilTep  Hib 
serve  these  men  engaged  in  raising  a  othensise  loose  joints,  and  to  poi^  tlio 
statue  to  its  nedestiU.  with  Ihe  contri-  body  on  its  base, 
vances  of  pullies  and  levers,  and  how 
they  have  placed  it  on  the  pedestal  and 

•re  soldering  il  to  keep  it  steady,  lest  0/  the  fbol. 

the  wind  should   blow  it  down.    This 

■tatUB  has  the  fair  and  perfect  proper-  Let  us  take  the  ajrancement  of  the 
tions  of  llie  human  body;  to  aU  out-  bones  of  Ihe  foot,  ncco^ing  lo  the  dc- 
ward  appearance  it  ought  to  stand."  monstration  of  the  anatomists 

In  Ihe  foUoivin^^  passage,  we  have  the  They  are  divided  into  the  lanM 
same  idea  thrown  out  in  a  manner  which  which  is  composed  of  seven  bones 
we  are  apt  to  caU  Fi-meA.  Were  a  reaelung  from  the  lieel  to  the  middle  of 
— n  cast  on  a  desert  shore,  and  there    the  foot.    The  mcUUartug  which  con- 
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sisti  of  five  loof  bones  laid  parallel  io  its  hinge»  or  play  in  its  socket  many 

•ach    other,  ana  extending  from  the  hundred  times  m  an  hour,  for  sixty  yearsi 

iitrtw  to  the  roots  of  the  toes.    The  together,  without  diminution  of  its  aj^i- 

bones    of  the    toes  are  called  pha-  lity,  which  is  a  long  time  for  uiythmsr 

kmges,  from  being  in  the  form  of  a  to  last,  for  anything  so  much  worked 

phmatix.  and  exercised  as  the  joints  are.    This 

There  are  in  all  thirty-six  bones  in  durability  I  should  attribute,  in  part,  to 

the  foot ;  and  the  first  question  that  na-  the  provision  which  is  made  for  me  pre- 

turally  arises,  is,  why  should  there  be  so  venting  of  wear  and  tear :  first,  by  the 

many  bones?    The  answer  is,  In  order  polish   of  cartilaginous   surfaces;   se- 

that  there  may  be  so  many  joints ;  for  condly,  by  the  heaiUng  lubrication  of  the 

the  structure  of  a  joint  not  only  permits  mucilage;  and,  in  part,  to  that  asto- 

motion,  but  bestows  dasticihr.  nishing  property  of  animal  constitutions, 

A  joint  then  consists  of  tae  onion  of  assimuation,  by  which,  in  every  portion 
two  bones,  of  such  ^  form  as  to  permit  of  the  body,  let  it  consist  of  what  it 
the  necessary  motion :  but  they  are  not  will,  substance  is  restored  and  waste 
in  contact :  each  articulating  surface  is  repaired.** — Pcdey. 
covered  with  cartilaffe,  to  prevent  the  If  the '  ingenious  author*s  mind  had 
jar  which  would  result  from  the  contact  been  professionallv  called  to  contem- 
of  the  bones.  This  cartilage  is  elastie,  plate  tnis  subject,  tie  would  have  found 
and  the  celebrated  Dr.  Hunter  disco-  another  explanation.  There  is  no  re- 
vered that  the  elasticity  was  in  conse-  semblance  betwixt  the  provisions  against 
quence  of  a  number  of  filaments  closely  the  wear  and  tear  of  machinery  and 
compacted,  and  extending  from  the  sur-  those  for  the  preservation  of  a  living 
f^a^  of  the  bone,  so  that  each  filament  part.  As  the  structiure  of  the  parts  is 
Is  perpendicular  to  the  mressure  made  originally  perfected  by  the  action  of  the 
Tupon  it.  The  surface  of  the  articulating  vessels,  the  function  or  operation  of  the 
«eartilage  is  perfectly  smooth,  and  is  lu-  part  is  made  the  stimulus  to  those  ves- 
ibricat^  by  a  fluid  called  syrunnOf  nf^  sels.  The  cuticle  on  the  hands  wears 
nifying-  a  mucUage,  a  viscous  or  thick  away  like  a  glove ;  but  the  pressure 
liauor.  This  is  vulgarly  called  hint  stimulates  the  livine  surface  to  force 
•otY,  but  it  has  no  property  of  oii»  al*  successive  layers  of  skin  under  that 
though  it  is  better  calculated  than  any  which  is  wearmg,  or,  as  the  Anatomists 
*oU  to  lubricate  the  interior  of  the  joint,  call  it,  disquamatinff ;  by  which  they 

When  inflammation  comes  upon  a.  mean,  that  the  cuticle  does  not  change 

joint,  tiiis  fluid  is  not  supplied,  and  the  at  once,  but  comes  off  in  tquan^,  or 

Joint  is  stiff,  and  the  surfaces  creak  scales.    The  teeth  are  subject  to  pres- 

upon  one  another  like  a  hinge  without  sure  in  chewing  or  masticating,  and  they 

ou.    A  delicate  membrane  extends  from  would,  by  this  action,  have  oeen  driven 

bone  to  bone,  confining  this  lubricating^  deeper  in  the  jaw,  and  rendered  useless, 

fluid,  and  forming  the^undaiy  of  whiS  had  there  not  bcKen  a  provision  against 

is  termed  the  cavity  of  the  joint,  al*  tins  mechanical  effect    This  provision 

though,  in  fact,  there  is  no  unoociroied  is  a  disposition  to  n*ow,  or  rather  to 

space.    External  to  this  capsule*  of  the  shoot  out  of  their  so&ets ;  and  this  dis- 

joint,  there  are  strong  ligaments  gohug  position  to  project,  balances  the  pres- 

irom  point  to  point  of  the  bones,  and  so  sure  which  they  sustain ;  and  when  one 

ordered  as  to  bind  them  together  with-  tooth  is  lost,  its  opposite  rises,  and  is  in 

out  preventing  their  proper  motions,  danger  of  bein^  lost  also,  for  want  of 

From  tiiis  description  of  a  single  joint,  that  veiy  opposition, 

we  can  easily  conceive  what  a  spring  or  The  most  obvious  proof  of  contri- 

clasticity  is  given  to  the  foot,  where  vance  is  the  iunction  of  the  foot  to  the 

thirty-six  bones  are  jointed  together.  bones  of  the  leg  at  the  ankle  joint    The 

Andegant  author  has  this  very  natu-  two  bonea  of  the  leg,  calld  the  tibia 

ral  remark  on  the  joints : — «  In  consi-  and  iheJUnda,  receive  the  great  articu- 

^ering  the  joints,  there  is  nothing,  per*  latin^  bone  of  the  foot  (the  cutrcfgaltis) 

haps,  which  ought  to  move  our  grati-  betwixt  theoL   And  the  extremities  of 

Uide  more  than  the  reflection,  how  weU  these  bones  of  the  leg  project  so  as  to 

they  wear.    A  limb  shall  swing  upon  form  the  outer  and  inner  ankle.    Now^ 

when  we  step  forward,  and  whilst  the 

fbot  is  raised,  it  rolls  easily  upon  the 

•  7foineapiii^it]ittbc«t.ari)«i^  cnds  of  these  bones,  so  thai  the  toe 

o 
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may  be  directed  according  to  the  in- 
equalities of  the  ground  we  are  1  o  (re»d  a 
upon  ;  hut  when  the  foot  is  planted,  aiid 
the  body  is  carried  forward  perpendicu- 
Urh  over  the  foot,  the  joint  of  the  leg 
and  foot  becomes  fixed,  and  we  have  a 
iteiuly  base  to  rest  upon.  We  next 
observe,  that,  in  n-nJkinsr.  the  heel  firat 
touches  the  ground.  If  the  bones  of 
the  leg  were  (jerpcndieolar  over  the  part 
which  first  touches  the  ground,  w« 
should  come  down  with  a  sudden  jolt, 

instead  of  which  vte  descend  in  a  semi-      ,    ,     ..  -   ,      ,.  -       

drele,  the  centre  of  whidi  is  the  point    «>  »y  ««  «<!'">n  ot  the  hgameot  which 
of  the  heel.  "'"•  ""''''  ■' 


daslic  lisament  is  extended,  on  whict 
the  bone  (A), rests,  sinking  «■  ribinira; 
the  weight  of  ttio  btidy  bears  upon  it 
—  ■-  talten  oft  and  tlas  it  is  enabled  It 


R>  11. 


runs  under  it. 

This  is  the  same  elastic  Ueaiocat 
which  runs  exleniively  alooz  the  back 
of  the  horse's  hind  leg  and  fool,  ami 
gives  the  fine  spring  to  it.  but  which  is 
sometimes  ri^itured  by  the  exerlioD  of 
the  animal  in  a  Itiap,  produnng  irre- 
coverable lameness. 

HavinE;  understood  tiiat  the  arch  ot 
tlie  foot  is  perfect  from  the  heeJ  to  the 
toe,  we  have  next  to  observe,  that  there 
is  an  arch  from  side  to  side  :  for  when  a 
transverse  section  ia  made  of  the  bones 
And  when  the  toes  have  corae  1o  the  of  the  foot,  the  exposed  surfoce  pre- 
ground  we  are  far  from  losing  tlie  ad-  senls  a  perfect  arch  of  wedges,  re^u- 
vantages  of  the  structure  of  the  foot,  Jariy  fonned  like  the  stones  of  an  arch 
mnce  we  stand  upon  an  elastic  arch,  id  maMHuy.  If  we  look  down  upon 
the  hinder  extremity  of  which  is  the  the  bones  of  the  foot,  we  shall  see  that 
heel,  and  the  anterior  the  balls  of  the  they  form  a  complete  drcle  horiionlailv, 
toes.     A  finelv  formed  foot  should  be     leaving  a  space  in  their  centre.    These 


high  in  the  instep.  The  walk  of  opera 
dancers  is  neither  natural  nor  beauttful ; 
but  the  surprising  exercises  which  they 
perform  give  to  use  joints  of  the  fbot  a 
freedom  of  motion  almost  like  that  of  the 


thus  form  three  diflerent  arches 
—forward;  across:  and  hori»ontally : 
they  are  wedned  logelher,  and  bound  W 
liaiBments,  and  this  is  what  we  alluded 
when  we  said  that  the  fomidationii  of 


I.  We  have  seen  the  dancers,  in  their  the  Eddystone  were  not  laid  on  a  bt^ttcr 

morning   exercises,   stand   for    twenty  {principle;  but  our  admiration  is  more 

tninules  on  theextrenuties  of  their  toes,  excited  in  observinB:,  that  the  bones  of 

«ftcr  which  the  effort  Ls  to  bend  the  the  foot  are  not  oiJy  nedeed  togelhu-. 

inner  ankle  down  to  the  floor,  in  prepa-  ISce  the  courses  of  stone  for  resistance, 

tation  for  the  Bolero  step.     By  such  but  thai  sohdily  is  combined  with  eias- 

xmnatural   postures   and  exercises   the  tieity  and  lii^tness. 
fbot  is  made  unfit  for  walking,  as  may         Notwitlistandme  the  mobility-  of  the 

be    observed    in    any    of   tlie    retired  foot  in  some  positions,  yet  when   the 

dancers  and  o\d /igwrantef.    By  stand-  wti^t  of  the  body  beojs  diieetly  over 

big  so  much  upon  the  toes,  the  human  it,   it    becomes    immoveable,   and   the 

fcot  is  converted  to  something  more  re-  braies  of  the  leg  must  be  fractured  be- 

■embling  that  of  a  qaadruped,  where  fwe  the  foot  yieUs. 
the  heel  never  reaches  the  ground,  and         We  shall  proceed  lo  explain  how  the 

where  the  paw  is  nothing  more  than  the  kaee-joint  and  hip-joint,  mdependently 

phalanges  of  the  toes.  of  the  exertion  of  muscles,  become  fom 

This  arch  of  the  foot,  from  the  heel  in  the  standing  posilion,  and  when  at 

to  the  toe.  has  the  astragalus  (A)  re-  rest :  bnt,  before  we  enter  upon  this,  let 

■emhling  the  keystone  of  an  arch  ;  but,  us  understand  the  much  talked-of  de- 

instead  of  being  fixed,  as  in  masonry,  monstralion  of  Borelli,  who  explained 

it  plays  freely  betwixt  two  bones,  and  the  manner  in  which  a  bird  sits  upon  a 

iromthesetwobones.Band  C,  asfrong  branch  when  asleep.    The  weight  of 
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(he  ei«attn«,  and  the  oonsequent  flexion     to  "  st&nd  at  eue,"  hu  a  high^  au- 


Trhleh  Bi«,  eonaequent}]r,  relieved  from 
a  painfDl  state  of  exertion :  and  the 
wdght  of  the  tMidjr  ban  so  upon  the 
lower  extremity,  as  to  support  the  joints 
iodependentlj  of  mtucubr  efibrt.  The 
admilage  of  this  wUl  be  nnderstood. 
when  we  eonaider  that  all  mutculor  ef- 
tort  is  made  at  the  ezpense  of  a  linag 
jfowtr,  vdiidi.  If  excesaiTe.  wiD  exhaust 
and  iraaiy  a  man,  whilst  the  position  of 
rest  whlcn  we  are  describing  is  wiOiout 
•flbrt,  and  theretbre  nret  perfnt  re. 
Vat  And  it  h  this  which  makes  hajn 
■nd  gfili,  who  an  out  of  health  and 
hagmd,  lotmge  too  much  in  the  por- 
tion of  triief,  flrom  whmce  comes  pep> 
maaent  diitmtion. 


TUt  tgan  reptewoU  tiie  booea  of 


The  mtude  A  pasEine  over  the  joint 
at  B,  and  then  proceediiie  to  the  back 
of  the  1^,  and  Dehind  the  joint  at  C| 
and  so  deaoending  behind  the  foot  at  D, 
it  extends  to  the  talons ;  and  the  weight 
of  the  Inid,  bending  the  joint  B  and  C, 
produces  the  eSbct  of  muscular  efibrt, 
and  makes  ttie  claws  cling. 

But  why  ^ould  the  anatomist  have 
recourse  to  this  piece  of  comparatiTe 
anatomy,  when  He  has  so  fine  an  ex- 
ample m  the  human  body  ?  And  one 
which  is  modi  more  interesting,  as, 
in  fact,  it  is  the  fimndation  of  reason- 
ing upon  the  itiiwtn  and  aceidenta  of 
the  limb.  If  this  l>eautiflil  airaiige- 
ment  in  the  healthy  and  per&et  atiQC- 
ture  of  a  man's  limb  tie  not  attended 
to,  it  would  be  easy  to  prove  thatpynj 
important  circumstanecs,  in  regard  to 
disease  and  aceidenta,  must  remain  ob* 

The  posture  of  a  soldier  imder  armiL 
when  his  heels  are  doae  tc^ather,  and 
bis  Lnees  straight,  is  a  eonditioii  of 
painful  restraint.  Obaarve,  then,  the 
change  in  the  body  and  limbs,  when 
he  is  ordered  to  stand  at  ease;  the 
firelock  fkQs  against  his  relaxed  annSi 
the  right  knee  is  thrown  out,  and  the 
tension  of  the  ankle  jcont  of  the  aame 
'  leg  is  reUeved,  whilst  ha  loses  an  inch 
am  a  half  of  his  heiicht,  and  mnka 
down  upon  his  left  hip.  This  comdimd 
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The  plnmb-line  showi  the  direction  of  seen  that  the  extension  of  the  leg  fixes 

the  gmvitation  of  the  body  falUiw  be-  the  ankle-joint    Thus  the  hmb  is  made 

hind  the  head  of  the  ttughbone.    Now,  a  firm  pillar  under  the  weight  of  llie 

if  it  be  understood  that  the  motions  of  b>i^  nithout  muscular  efibrt. 

the  trunk  are  performed  on  the  centre  When  the  human  figure  is  left  to  its 

of  the  head  of  the  tbi^bone ;  it  must  natural  attitudes,  we  see  a  variety  and 

follow  that  tlie  weight  of  the  body  in  contrast  in  the  portion  of  the  trunk 

the   direction  of  the  plumb-iiae   rauat  and  limbs. 

raise  the  coner  of  the  haunch -bone,  at  This  positionofthe  body  reslingonthe 

A.     From  this  comer  of  the  bone,   a  lower  extremities  throws  the  trunk  into 

broad  and  slronR  band  runs  down  to  an  elegant  line,  and  places  ilie  limbs  in 

the  knee-pan,  B,  in  the  Erection  of  the  beaulifiil  contrast,  as  we  see  in  all  the 

dotted    line,      Tlie   powerful    rausclea  best  specimens  of  sculpture.  Siv-fe  IS. 

which   extend  the  leg  are  attached  to  Now  that   we  have  understood  that 

the  knee-pan,  and  through  the  lieament  the  lower  extremity  becomes  in  some 

at  C,  operate  on  the  bones  of  the  leg,  positions  a  firm  pillar,  it  is  tlie  more  ne- 

slretching    them,   and  preventine    the  cessary  to  observe  the  particular  fonn 


flexion  of  the  Joint ;  but,  in  the  abs 
of  the  activity  of  these  muscles,  the 
band  reaching  from  A  to  B,  drawn,  aa 
we  have  said,  by  the  weight  of  Ihe  body, 
is  equivalent  to  the  exertion  of  the 
muscles,  braces  the  knee-joint,  and  ex- 
tends  the  le^i  and  we  have  before 


of  the  head  of  tlie  thigh  b 

^.  le. 


■,  lyig- 16-) 


It  is  here  seen  that  the  head  of  Uie 
bone  A  stands  olT  from  the  shaft  by  the 
whole  length  of  the  neck  of  the  bone  1! ; 
the  effect  of  this  is,  that  as  the  powerful 
muscles  arc  attached  to  the  knobs  of  twne 
C  n.  they  turn  tlie  Ihigh-bone  round  in 
walking  with  much  greater  power  than 
if  the  head  of  the  bone  were  on  a  )be 
with  the  shaft.  They,  in  fart,  acquire  a 
leverpower,  by  Die  distance  of  D  from  A, 
as,  during  the  action  of  these  muscles, 
the  limb  is  stiff,  the  rolling  of  the  Ihigh 
directs  the  toe  outwards  in  walking. 

When  the  weight  of  the  body  is  per- 
pendicularly over  the  ball  of  ihe  ercat 
toe.  the  whole  body  is  twisted  round  on 
that  point  as  on  a  pivot.    This  rolling 
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of  the  body  on  the  ball  of  the  toe,  and  Fig.  IT. 

consequent  turning  out  of  the  toes  in 
stepping  forward,  is  necessaty  to  the 
freedom  and  elasticity  of  the  motion. 
The  form  of  all  the  Dones  of  the  1^, 
&nd  the  direction  of  all  the  muscles  of 
the  thigh  and  leg,  combine  to  tbii 
effect  So  far  is  it  &om  being  true,  aa 
painters  affect  to  say,  that  the  turning 
out  of  the  toes  is  the  result  of  the  lea- 
sons  of  the  dancing-master. 

A  certain  squareness  in  the  pontiaii 
of  the  feet  is  consistent  with  strength, 
as  we  see  in  the  statues  of  the  Hercu- 
les, &c.;  but  the  lightness  of  a  Mercury 
19  indicated  by  the  directitm  of  the  toe* 
outwards.  In  women,  there  would  be 
a  defect  from  the  tn-esdth  of  the  pelTii, 
and  a  rolling  and  an  awkward  gait 
would  be  the  consequence;  but  in  tnem 
the  foot  is  more  turned  out,  and  • 
Sght,  elastic  step  I>alanees  the  delftct 
arising  from  the  form  of  the  pelna. 
Any  one  may  be  convinced  of  this  bf 
observing  people  who  walk  awkwardly, 
especially  if  tney  walk  unequaUv.  Look  i 
at  their  feet,  end  you  will  see  that  one 
foot  ^oes  straight  forward,  whilst  the 

other  is  turned  outwards,  and  that  when    nun  tbi^bonc.     .  __. 
they  come  upon  the  strai^  foot,  they    principte  balds;    that  i  .. ._ 

come  down   awkwardly,  and  have  no    whilst  a  man  stands  on  tioth  hu  lees, 
qning  from  it.  the  necks  of  the  thigh  bones  are  ^- 

There  is  another  curious  drenm-  Uque  to  the  line  of  gravitation  of  the 
stance  in  the  fbrm  of  the  thighbone,  body;  but  when  one  tbot  is  raised, 
shawin?  how  it  ia  calculated  fbr  the  whole  bodv  then  b«ng  balanced  on 
strength  as  well  as  freedom  of  motion,  one  foot,  a  change  takes  place  in  the 
To  understand  it,  we  must  first  look  position  of  the  thighbone,  and  the 
to  the  ditking  of  a  whetd — the  dishing  obliquity  of  that  I>one  is  diminished ; 
is  the  oblique  position  of  the  spokes  or,  in  other  words,  now  that  it  has  the 
from  the  nave  to  the  felly,  giving  the  whole  wei^t  to  sustain,  it  is  perpendi- 
wheel  a  slightly  conical  form.  When  cnlar  under  it,  and  has  therefore  ac- 
a  cart  is  in  the  middle  of  a  road,  the    qtdred  greater  strength.  Bee  J'!^.  18. 


ig  from  the  obliquity  of  the  qiokes, 
Aif^  of  the  wheel. 
When  we  return  to  conridcr  the  hu> 
a  that  the  same 


spokes  oblique  to  the  line  of  gravits- 

If  the  cart  is  moving  on  the  ride  of  a 
barrel-shaped  road,  or  if  one  whed  fidls 
into  a  mt,  the  whole  wei^  comes  upon 
one  wheel:  but  the  spokes  of  that 
wheel,  which  were  oblique  to  the  load 
when  it  supported  only  one  half  of  th« 
wdght,  are  now  perpendicnlar  under 
the  pressure,  and  are  capable  of  sus- 
taining the  whole.  If  roads  were  made 
perfectly  level,  and  had  no  hole*  in 
Uiem,  the  wheds  of  carts  might  IM  made 
without  dishing ;  but  if  a  cart  is  calcu- 
lated for  a  counliy  road,  let  the  whed- 
wright  consider  wnat  eqtuvalent  be  has 
to  give  for  that  very  pret^  remit  ■gtO' 


Fig.\i. 
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Uut  whtn  draim  into  ttie  cable,  the 

CsAPTBS  V.  whole  component  parts  may.  as  ntarl/ 

U  posiible,  reiiiBt  the  strain  in  an  equal 
Of  the  Tendoni  eampartd  with  Cordage,     degrer ;  bat  the  process  is  not  perftd. 

Mid  this  we  niiat  ooaclude  from  observ> 
WttBRi  nature  hw  prorided  a  perfpct  in^  how  different  tlie  construction  of  * 
system  of  columna,  and  levers,  and  tendon  is  from  that  of  a  rope.  A  tendon 
puUies,  we  may  anticipate  that  the  cords  consists  of  a  stroi^  oord,  apparently 
by  which  the  force  of  the  muscles  is  fibrousi  but  which,  by  the  art  of  Ihe 
concentrated  on  ihe  moveable  Ixines,  anatomist,  may  be  separated  inio  lesser 
must  be  con!.trucled  with  as  curious  a  cords,  and  these,  by  maceration,  can  b* 
provision  for  their  offices.  In  this  sur-  «hown  to  consist  of  cellular  membrane, 
mise  we  shall  not  be  disappointed.  the  common  tissue  that  gives  finnnei) 
To  understand  what  U  necc-ssary  to  to  all  the  textures  of  the  animal  body, 
the  strength  of  a  rope  or  cable,  we  must  The  pecuUarily  here  results  merely 
leum  what  has  l>een  the  object  of  tlie  from  its  remarkable  condensation.  But 
improvements  and  patents  in  lliis  mi-  the  cords  of  which  the  lai^r  tendon 
nutachire.  The  first  proeess  in  rope-  consists.donotlieparaUcUoeacholhtr, 
m^ine,  is  hatcJielling  Ihe  hemp ;  that  nor  ts^  they  simply  twisted  like  the 
is,  combing  out  thu  short  fibres,  and  strands  of  a  rope;  tney  are,  onthecon- 
placin^  the  long  ones  parallel  to  one  traiy,  plaited  or  interwoven  together. 
another.  The  second  is,  ginning  the  If  (he  strong  tendon  of  the  heel,  or 
hemp  into  yarns.  And  here  the  principle  Achilles  tendon,  be  taken  a«  an  example, 
must  be  attended  to.  which  ^cs  through  on  first  inspection,  it  spears  to  eon- 
the  whole  process  in  forming  a  cable;  sist  of  parallel  filn^s,  but  by  maccra- 
which  ii  that  the  fibres  of  the  liemp  tion,  these  fibres  are  found  to  be  a  web 
shall  bear  an  equal  itrain:  andthediffl-  of  twisted  cellular  texture.  Ifyoutake 
culty  may  be  easily  conceived,  since  the  your  handkerchief,  and,  sli^tly  twisting 
twisting  must  derange  Ihe  parallel  posi-  it,  draw  it  out  like  a  rope,  it  will  seem 
tion  of  tlie  fibres.  Each  fibre,  as  it  is  to  consist  of  parallel  coras ;  sucli  is,  in 
^wisle{l,  ties  the  other  fibres  together,  fact,  so  far  me  structtuc  of  a  tendon, 
ao  as  to  form  a  continued  Unc,  and  it  But,  as  v,-e  hnve  staled,  there  is  some- 
bears  at  the  same  time,  a  certain  par-  thing  more  admirable  than  this,  for  the 
tion  of  the  strain,  and  so  each  fibre  al'  tendon  consists  of  subdivisions,  which 
temately.  The  third  step  of  Ihe  process  are  lik'e  the  strands  of  a  rope ;  but  in- 
is   raakmg  tlio   yarnp.      Warping  the  stead  of  being  twisted  simply  as  by  the 

Kims,  is  stretching  them  to  a  certain  process  of  hardening,  they  are  plaited 

ngth ;  and  for  the  same  reason,  that  so  or  interwoven  in  a  way  that  could  not 

roucli  attenlioi)  has  been  ])aid  to  the  be  imitated  in  cordage  by  tiie  tumii^  of 

airangument  of  the  fibres  for  the  yams,  a  wheel.    Here  then  is  the  ditTerence.— 

the  same  care  is  taken  in  the  raanMe-  by  the  twisting  of  a  rope,  the  slninds 

ment  of  the  yami  tor  the  strands.    Tlie  cannot  resist  the  sbrain  equally,  whilst 

fourth  step  of  the  process  is  to  form  we  see  that  this  is  provided  for  in  the 

the  slraiids  into  ropes.     The  difficulty  tendon  by  the  regidar  intcnveaving  of 

of  the  art  has  been  to  make  tlicm  bear  the  yam,  if  we  may  so  express  it,  so 

iilil;e,  espedally  in  great  cables,  ond  this  that  every  fibre  deviates  from  tlie  pujal- 

has  been  the  object  of  patent  machinery,  lei  line  in  the  sama  degree,  and.  conse- 

Tha  hardening,  by  t«iating,  is  also  an  qumtly,  receive  tlie  same  Ktrain  when 

Bssentjal  part  of  the  process  of  rope-  the  tendoD  is  pulled.     If  we  seek  for 

making;  for  without  this,  it  wouldbe  examples  iUustrative  of  this  structuw  ot 

little  better  than  extended  parallel  fibres  the  tendons,  we  must  turn  to  tlie  sub- 

of  hemp.    In  this  twisting,  first  of  the  ject  of  ship-rigpng,  and  via  lliere  how 

yams,  and  then   of  the  sirands,  those  tlie  seaman  contrives,  by  undoing  the 

which  are  on  the  outer  surface  must  be  strands  and  yarns  of  a  rope,  and  twisl- 

more    stretched   than  those   near  Uie  ing  them  anew,  to  m^e  his   spliciiir 

centre  \  consequently,  when  thei*  is  a  stronger  than  tlie  original  cordage.    .V 

strain  upon  the  ropa.  the  outer  fibres  sailoropeas  Iheend^ioftworopesUius:* 
will  break  first,  and  the  others  :-  ■••" 


bar( 


It  is  to  a7<Hd  tills,  that  each 
and  each  strand,  M  it  is  twisted  or       *  ^  I"!"'''  '"^'"'^'i^'S""'' 
:dened,  shall  be  itself  revolving,  so    em ™ °i,';Zua  i!,d^L^°i('S!.  w 
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ftnd  places  the  strand  of  6M  tfftpMtb 
and  between  tiie  strand  of  aaothtt*.  and 
so  interlaces  them.    And  this  expudnt 
why  a  hawser-n^,  a  sort  of  small  caMe, 
is  spun  of  three  strands ;  Ibr  as  they  are 
necessary  for  many  operatfotis  m  the 
rigging  of  a  ship,  they  must  be  formed 
in  a  way  that  admits  of  being  cut  and 
spliced,  fDr  the   separation   of  three 
strands,  at  least,  is  necessary  tor  knot** 
tin^,  splicing,  whipping,  mailing,  ibo., 
which  are  a  few  of  the  many  curious 
contrivances  for  johiing  the  ends  of 
ropes,  and  for  strengthening  them  by 
filling   up  the  interstices  to  presenre 
them  frmn  beinff  cut  or  fraved.    Ai 
these  methods  m  sj^cing  ana  pUdting 
in  the  subdivisicms  ra  the  rope  make  an 
intertexture  strong  than  tlie  original 
rope,  it  is  an  additional  demonstnuion, 
if  any  were  wanted,  to  show  the  pofNS^ 
tion  of  the  cordage  of  an  animal  ma* 
chine,  since  the  tendons  are  to  inter- 
woven;  and   until  the  jrams  of  one 
strand  be  separated  and  interwoven  with 
the  yams  of  another  strand,  and  this 
done  with  regular  exehange»  the  meet 
approved  patent  ropes  must  be  inferior 
to  the  correspondipg  part  of  the  animal 
machinery. 

A  piece  of  cord  of  a  new  patent  has 
been  shown  to  ns,  which  is  said  to  be 
many  times  stronger  than  anj  other 
cord  of  the  same  diameter.  It  is  so  fiir 
upon  the  principle  here  stated,  that  the 
strands  are  plaited  instead  of  being 
twisted  *  but  Uie  tendon  has  stlD  its  su- 
periority, for  the  lesser  yams  of  eaeh 
strand  m  it  are  interwoven  with  those 
of  other  strands,  tt,  however,  gra^leB 
ns  to  see,  that  the  principle  we  Aaw 
from  the  animal  body  is  here  confinfted. 
It  may  be  askedy  do  not  the  tflodona  of 


the   human   body   sometimes  break? 
They  do ;  but  in  circiunstances  which 
only  add  to  the  interest  of  the  subject 
By  the  exercise  of  the  tendons,  (and  their 
exercise  is  the  act  of  being  pulled  upon 
by  the  muscles,  or  having  a  strain  made 
on  them,)    they  become   firmer   and 
strongw ;  but  in  the  failure  of  muscular 
activii^,  they  become  less  capable  of 
resisting  the  tug  made  upon  them,  and 
if,  after  a  long  confinement,  a  man  has 
tome  powerful  excitement  to  muscular 
exertion,  then  the  tendon  breaJcs.    An 
Old  gentleman,  whose  habits  have  been 
long  staid  and  sedentary,  and  who  is 
yeiy  guarded  in  his  walk)  is  upon  an 
annual   festival   tempted  to  join   the 
young  people  in  a  dance ;  then  he  breaks 
his  tendo  Achillis.    Or  a  sick  person, 
long  confined  to  bed,  is*  on  rising,  sub- 
ject to  a  rapture  or  hernia,  because  the 
tendinous  expansions  guarding  against 
protrasion  or  the  internal  parts,  have 
become  weak  ftom  disuse* 

Such  circumstances  remind  us  that 
we  are  speaking  of  a  living  body,  and 
that,  in  estimatmg  the  propoties  of  the 
madiinery,  we  ought  not  to  forget  the 
influence  of  life»  and  that  the  natural 
exercise  ot  the  parts,  whether  they  be 
active  or  pa8sive>  ib  the  stimulus  to  the 
circulation  through  them,  and  to  their 
growth  and  perfection* 

Ohaptsr  VL 

0/  the  Mu8cle9—of  Uueoulariiy  and 
EUuUciiy. 

Thxrb  are  two  powers  of  contraction 
in  the  animal  firame— elasticity,  which 
is  common  to  hving  and  dead  matter, 
and  the  muscular  power,  which  is  a 
prraerty  of  the  living  fibre. 

The  muscles  are  the  only  oTgans 
which  properly  have  the  power  of  con- 
traetion,  for  elasticity  is  never  exerted 
\mi  in  consequence  of  some  other  power 
bending  or  stretching  the  elastic  body. 
In  ^e  muscles,  on  mt  contrary,  motion 
orighiates ;  there  being  no  connexion,  on 
mechanical  prinoiples,  betwixt  the  ex- 
citing cause  and  the  power  brought  into 
action^ 

•The  real  power  is  in  the  miudes, 
while  the  safe^ard  against  the  excess 
of  that  powar  is  in  the  elasticity  of  the 
parts.  This  is  obvious  in  the  limbs  and 
general  texture  of  the  frame:  but  it  ia 
most  perfect]^  exhibited  in  the  orfgum 
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of  eirculation.    If  the  action  of  the  as  vain  to  investigate  as  to  resume  the 

heart  impelled  the  t>loo<I  againit  parta  search  into  the  cause  of  gravitation. 
of   iolid  texture,  they  would  quickly         The  ignorance  of  the  cause  of  mus- 

ald.    When,  b^  accident,  this  does  cular  contraction  does  not  prevent  us 

:e  place,  even  the  solid  bone  is  vciy  from  studying  the  laws  which  rotate  it. 

toon  destroyed.     But  the  coats  of  the  and  under  this  head  are  ittcludedsnbjeds 

artery  whicn  receive  the  rush  of  blood  of  the  highest  interert ;  which,  how- 

Itom  the  heart,  although  thin,  are  lim-  ever,  me  must  leave,  to  pursue  the  me- 

bo*  and  elastic  ;  and  by  this  elaaticity  chanical  airangement  of^  the  muscles. 
or  yielding  they  take  off  or  subdue  the        Since  we  have  seen  that  there  are  436 

shock  of  the  heart's  action,  while  no  distinct  muscles  in  the  body,  it  is  due 

fbrce  is  lost ;  fbr  as  the  elastic  artoy  to  our  readers  to  explun  how  they  are 

has  yielded  to  the  sadden  impulse  <n  associated  to   i>lfect  that   combination 

the  heart,  it  contracts  by  elaatidty  in  which  is  necessnrj'  to  the  motion  of  the 

the  interval  of  the  heart's  pulsation:  limbs  and  to  our  perfect  enjoymenl.     In 

and  the  blood  continues  to  be  propdled  (he   first  place,   the   million  of  fibrv!, 

onward  in  the  course  of  the  circulatiai,  which  constitute  a   single  muscle,  are 

withoutinterval,  thou^r^idailyacGe-  connected  bya  tissue  of  nerves,  which 

lerated  by  the  pulse  en  the  neart  produce  a  union  or  sympathy  amongst 

If  a  steam-engine  were  used  to  finve  tliem,  so  that  one  impulse  causes  a  si- 
water  along  the  water-pipes,  without  multaneous  effort  of  all  ttic  fibres  a(- 
the  intervention  of  some  elastic  body,  tached  to  the  same  tendon,  When  ve 
the  water  would  not  flow  coDtinuously,  have  understood  that  the  muscles  are 
but  in  jerks,  and.  therefore,  B  reservoir  distinct  oi^ans  of  motion,  we  perceiic 
is  constructed  containing  sir,  into  that  they  must  he  classed  and  asso- 
which  the  water  is  forced,  against  the  dated  in  order  that  many  shall  combine 
elasticity  of  the  air.  TTius,  each  stroke  in  one  act ;  and  tliat  others,  their  oppo- 
of  the  piston  is  not  perceptibly  commu-  nents,  shall  be  put  in  a  stale  to  rdai, 
nicaled  to  the  condiut-pipe,  because  and  offer  no  opposition  to  those  which 
the  intervals  are  supplied  by  the  push  uvv  active.  Tliese  relations  can  only  be 
of  the  compressed  air.  The  office  of  established  through  nervpt.  uhich  are 
the  reservoir  containing  :\xt  is  piT'  the  organs  of  communic^on  with  the 
formed  in  the  animal  body  by  the  elas-  brain,  or  sensorium.  The  nerves  con- 
tidty  of  the  coats  of  tht  arteries,  by  vey  the  will  to  the  muscles,  and  at  the 
which  means  the  blood  uliich  flows  same  time  they  class  and  orran^  them 
interruptedly  into  the  jj^eries  has  a  con-  so  as  to  make  them  consent  lo  the  nw- 
tinuous  and  unintorupted  flow  in  the  tions  of  the  body  and  limbs. 
veins  beyond  them.  On  flrst  lookmg   to  the  manner  in 

A  muscle  is  fit)rous,  that  is,  it  con-  which   the  muscles  are  fixed  into  the 

sists  of  minute  threads  bundled  toge-  bones,  and  the  course  of  their  leiidnns, 

ther,  the  extremities  of  which  are  con-  we  observe  e^-erywhere  the  apptaiante 

nected  with  the  tendons  wluch  have  of  a  sacrifice  of  mechanical  power,  the 

been  described.    Innumerable  fibres  are  tendon  being  inserted  into  the  bone  in 

thus  jomed  together  to  form  one  muscle,  such  a  manner  as  to  lose  the  advanta^ 

and  every  muscle  is  a  distinct  organ,  of  the  lever.     This  appears  to  be   an 

Of  these  distinct  muscles  for  the  mo-  imperfection,  until  we  learn  that  there 

tions  of  the  body  there  are  not  ]fin  is  an  accimndalion  of  vital  power  in 

than  436  in  the  human  frame,  indepen-  the  muscle  in  order  lo  attain  velocity  of 

dent  of  those  which  perform  the  internal  movement  in  the  memlwr,  (/Ig,  20.) 
vital  motions.     ITie  contractile  power.        The  muscle  D,  which  bends  the  fore- 

which  is  in  the  living  muscular  fibre,  arm,  is  inserted  mlo  the  radius  E,  so 

presents  appearances  which,  thonph  fa-  near  the  fulcrum,  or  centre  of  motion 

miliar,  are  really  the  most  surprising  of  in  the  elbow  joint,  and  so  oblique  tlmt 

•11  the  properties  of  hfe.  Many  attempts  it  must  raise  tlie  hand   and   fore-aim 

have  been  made  to  explain  this  pro-  with     disadvantage.        But,     correctly 

perty,  sometimes  1^  chemical  experi-  spcakin^r,  the  power  of  the  muscle  is 

mcnt,  sometmeg  on  mechanical  pnnci-  not  sacrificed,  since  it  gains  more  than 

pies,  but  always  ma  manner  repugnant  an   equivalent   in  the  rapid  nnd  hvely 

to  cnrnmon  upti.u.     W..  w,..„t  be  satis-  motions  of  the  haiid  and  fingers,  and 
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ittain  this,  the  Creator  bms  giTen  ita  power.  If  the  waRfat,  rauedby  the 
itvitftl  power  to  the  muMiles  to  cnue,  be  permitted  to  «o  dawn,  the 
if  the  B&crifice  of  the  mechuii-  wheels  lerolve,  utd  the  handle  moves 
lever  power,  end  so  to  provide  with  the  velocity  of  ■  caimon-ball,  end 
y  degree  and  variety  of  motion  will  be  u  dertnictive  if  it  hit  the  work- 
osy  answer  to  the  capacities  of  man.  The  wei^t  here  is  the  power, 
d.  but  it  operates  with  so  much  disadvan- 

:  represent  the  bon^  «nd  mus.  taf^,  that  the  hand  upon  the  handle  of 
the  fure-Hrm  by  llii^  (iiai,Tani,  tlic  winch  can  stop  il :  but  pve  it  way, 
U  sei;  thai  power  is  lost  l>y  Uie  let  llie  accelerated  motion  lake  pliuie, 
ion  of  the  tendon  to  the  lever,  and  tlie  hand  would  be  shattered  which 
ich  i(  is  inserted.  It  represents  touched  it.  Just  so  the  fly-wheel,  mov- 
!T  of  the  third  kind,  where  the  iug  at  first  slowly,  and  an  impediment 
power  operates  on  a  point  nearer  to  the  working  of  a  machine,  at  length 
crum  than  the  weight  to  he  acquires  momentum,  so  as  to  concen- 
trate the  power  of  the  machine,  and 
i  A  represents  the  muscle,  B  the  enable  it  to  cut  bars  of  iron  with  a 
nd  C    the  fulcrum.    The  power    struke. 

musck-  is  not  represented  by  the  The  principle  holds  in  the  animal 
e  of  its  insertion  a,  from  the  machinery.  Tlie  ellww  is  bent  with  a 
certain  loss  of  meehanical  power;  but 
by  tliat  very  means,  when  the  loss  is 
supplied  by  the  living  muscular  power, 
the  hand  descends  through  a  greater 
■pace,  moves  quicker,  with  a  velocity 
which  enables  us  to  strike  or  to  cut. 
Without  this  acquired  velocity,  we  could 
not  drive  a  nail:  the  mere  muscular 
power  would  be  insufficient  for  many 
actions  quite  necessaryto  our  existence. 

0  C.  The  line  which  bTily  lepre-  Let  us  take  some  examples  to  show 
the  leier  must  pass  from  the  what  objects  are  attained  through  the 
ofmolion.perpendicularly  to  the     oblique  direction  of  the  fibres   of  the 

the  tendon,  fir.,  C,  b.  Here,  muscle,  and  we  shall  see  that  hwe,  as 
by  the  direction  of  the  tendon,  as  well  as  by  the  mode  of  attachment  of 
(  by  its  actual  Bttachment  to  the  the  entire  muscle,  velocity  is  altabed 
towet-  is  lost  and  velocily  gained,  by  the  sacrifice  of  power.  Suppose  that 
nay  compare  the  muscularpower  these  two  pieces  of  wood  (^^-23.)  toba 
w«ght  which  impels  a  machine,  drawn  together  by  means  of  »  eord, 
dyinp  machinery,  it  is  manifest  but  that  the  hand  which  polls,  allhongh 
sight  ami  velocity  are  equivalent,  possessing  abundant  strength,  wanta 
i^e  of  the  winch  in  a  crane  is  a  room  to  recede  more  than  what  is  equal 
and  Ihe  space  through  which  it  to  one  third  of  the  space  betwixt  the 
,  in  comparison   with   Ihe  slow    pieces  of  wood ;  it  is  quite  clear,  Uiat 

1  of  the  weight,  is  the  measure  of   if  Uie  band  weic  to  diaw  direct  on  th« 
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■te  so  ftir  from  the  line  of  the  tendon  ts 
to  be  perpendicular  to  it,  it  will  then 
be  in  a  condition  to  draw  the  tendon 
through  the  gre&test  space  with  the  least 
contracticm  ot  its  own  len^h. 

Thus,irA,B   be  a  tendon,  and  CD 
a  muscle ;  bf  the  eontnctlon  of  C  lo  D 


cord  A,  B,  the  point  A  would  be 
brought  towards  B,  through  one  third 
only  of  the  intervening  space,  and  the 
end  would  not  be  acuomplislied.  But 
if  the  cord  were  put  over  the  ends  of 
the  upper  piece,  C,  D,  E,  and,  cooie- 
qiiently,  directed  oliliqi;eJj'  to  their  at- 
tachment at  A,  on  drawing  the  hand 
back  a  very  little,  but  with  more  force, 
the  lower  piece  of  woc>d  would  l>e  sud- 
denly drawn  up  lo  the  higher  piece,  and 
the  object  altauied.  Or  we  nmy  pvA  it  in 
this  forrar — if  a  muscle  be  in  the  direc* 
tiou  of  its  tendon,  the  motion  of  the 
exlniniiljf  of  Ihe  tendon  will  be  the 
■ame  with  tliat  of  the  muscle  itself; 
but  if  the  attachment  of  the  muscle 
to  the  tendon  be  oblique,  it  will  draw 
the  tendon  through  a  greater  space; 
and  if  the  direction  of  the  muscle  devi- 


the  extremities  of  the  tendon  A,  B  wiB 


II  is  the  adjustment,  on  ll)e  same  priii' 
ciple,  which  ^ves  Ihe  arrow  so  quick  nn 
unpulse  from  the  spring  of  the  bow,  the 
extremiliea  of  the  bow  drawing  obliquely 
on  the  siting. 

To  free  l;renthin^,  it  is  necessary'  tliat 
the  ribs  shall  approach  each  other,  und 
this  is  performed  by  certain  inlrrrottal 
muscles,  (or  muscles  plajiog  between 
the  ribs,)  and  now  we  can  ausner  Ihs 
question,  why  u«  the  fibres  of  these 
muscles  oblique  ? 

Let  us  suppose  this  fipjrc  to  repre- 
sent two  ribs  with  thininterveniniirmus- 
cles.    If  the  fibres  of  the  muscle  were 


In  the  direction  A.  across,  and  perpen- 
dicular to  the  ribs  ;  and  if  they  were  to 
contract  one-third  of  thdr  length,  they 
would  not  close  the  intervenioj;  space — 
they  would  not  aecoiopUsh  the  purpose. 
But  tieing  oblique,  as  at  B,  although 
they  eonlrncl  no  more  than  one-third  of 
their  lengtli,  th^  wdl   briniz  the  ribj 


ty.  They  do  not  go  direct  from  oripn 
lo  insertion,  but  obliquely,  thus,  hvai 
tendon  to  tendon : — 


to  expand  the  chest  in  inspiration,  in  a 
manner  ivhich  couM  not  be  otherwise 
accomplished. 

In  the  greater  numl}er  of  muscles  the 
■ame  prindple  directs  the  arrangement 
ot  Ihe  fibres  j  Ihey  exchange  power  for 

i'«aty  of  morement,  by  tl«"B  *liiitti- 


Supposing  the  point  A  to  be  the  fixed 
point,  these  fibres  draw  the  point  B 
with  less  force,  but  through  a  Un:er 
space,  or  more  quickly  than  if  they 
took  their  course  in  direct  lines;  and 
by  this  arrangement  of  tlie  fibres  the 
fi^edom  and  eident  of  motion  in  out 
limbs  an  secured. 
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force  of  action  :  and  therefore  it  i 
must  presume,  that  we  And  Ihem 
double  row,  makinK  what  is  termed 
pennifonn  muscle,  Uius,— 


:s  of  fibres  ;  and  all  this 
for  the  obvious  purpose  of  accumulating 

in  a    power,  which  may  be  exchanged  for 

the    Teloci^  of  movement. 

We  may  perceive  the  same  effect  to 
result  from  the  course  of  the  tendons, 
and  their  confinement  in  sheaths, 
■tmigthened  by  cross- straps  of  ligament. 
If  the  tendon.  A,  ifig-^l)  took  the 
shortest  course  to  its  termination  at  fi,  it 
would  draw  up  the  toe  with  greater  force ; 
but  then  the  toe  would  low  its  velocity 
of  monment    B7  t&ldng  the  direction 


the 

We  mny  take  lliis  oiiportunlty  of  no- 
tit-ing  how  the  mechanical  opjiosition  is 
dimmishtd  as  Ihe  living  muscular  power 
U  exhausted.  For  example,  in  lilting 
a  weight,  Ihc  length  of  the  lever  of  re- 
sistance wUI  be  from  the  centre  of  the 


arm  contract,  thef  lose  something  of 
their  power ;  but  m  a  greater  prc^or- 
tion  is  the  mechanical  resistance  di- 
minished, for  when  the  weight  is  rdsed 
to  C  A  D,  it  Ijecomes  the  measure  of 
the  lever  of  resislance. 

A  more  admirable  thing  is  witnessed 
by  Ihc  anatomist — ne  mean  Ihe  man- 
ner in  which  the  lever,  rising  or  falling, 
is  carried  twyond  the  sphert  of  action 
of  one  class  of  muscles,  and  enters  Ihe 
Bpht!re  of  aclivity  of  others.  And  this 
adaptation  of  the  organs  oi  motion  is 


finely  ac^ustcd  to  the  mechanical  resist 

ance  which  may  arise  th>ni  the  form  or 
motion  of  the  bones.  In  short,  whether 
we  contemplate  Uie  million  of  fibres 
which  constilute  one  musele,  or  the 
many  muscles  which  ciimbine  to  the 
movement  of  Ihe  limb,  nothing  is  more 
surprising  and  admirable  than  the  ad- 
lustmenl  of  their  power  so  as  to  balance 
mechanical  resistance,  arising  from  the 
change  of  position  of  the  levers. 

In  tlie  animal  bodv,  there  is  a  per- 
fect relation  prcserveJ  betwixt  Ihc  part* 
of  the  same  organ.  The  nuiseular 
fibres  fonning  what  is  termed  the  bellr 
of  the  muscle,  and  the  tendon  throiign 
which  the  muscle  nulls,  are  two  parts 
of  one  organ :  ana  the  condition  of 
the  tendon  indicates  the  state  of  the 
muscle.  Thus  jockies  discover  the 
qualities  of  a  horse  by  its  sinews  of 
tendons.  The  most  approved  form  in 
the  leg  of  the  hunler,  or  tisckney,  is  Ihat 
in  which  three  convexities  can  be  distin- 
guished.—the  boiw  ■,  UMt^oaoo!iEN04>4. 
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the  elastic  ligament  behind  the  bone; 
and  behind  that  the  flexor  tendons, 
large,  round,  und  strong;.  Strong  ten- 
dons  are  provided  for  strong  muscles, 
and  the  si^c  of  these  indicate  the  mus- 
cular strength.  Such  muscles,  beine 
powerful  flexors,  cause  hij^h  and 
round  aclion,  and  such  horses  are 
sale  to  ride ;  their  ftet  are  ^uerallj 
preserved  ftood,  owing  to  tlie  pressure 
they  sustain  Stom  (heir  high  action. 
But  this  exeellpnce  in  ahorse  will  not 
make  him  a  favourite  at  Newmarket. 
The  drcular  motion  cannot  be  the 
swiftest ;  a  blood-horse  carries  his  foot 
near  the  ground.  Tlie  speed  of  a  horse 
depends  on  the  strengtli  of  his  loins 
and  hind  quarter ;  and  what  is  required 
in  the  fore-legs  is  slrcneth  of  the  ex- 
tensor tendons,  so  Ihat  the  feet  may  be 
well  thrown  out  before,  for  if  these 
tendons  be  not  strong,  (he  joints  will  be 
unable  to  sustain  the  weight  of  his 
body,  when  powerfully  tlirown  forward, 
by  the  exertion  of  his  hind -quarters, 
and  he  will  be  apt  to  come  with  hisnose 
to  the  ground. 

The  whole  apparatus  of  bones  and 
joints  being  thus  originally  constituted 
Dy  Nature  in  accurate  relation  to  the 
muscular  powers,  we  have  next  to  ob- 
serve, (hat  this  apparatus  is  preserved 
perfect  by  exercise.    The  tendons,  the 


sheaths  in  which  they  run,  the  ero^i 
ligaments  by  which  they  are  restrained, 
and  (he  bursa  mucotee*  which  are  in- 
teqiosed  to  dimintsh  friction,  can  Ite 
seen  in  perfection  only  when  the  animal 
machinerj- has  been  kept  in  fuU  8Cti^ily. 
In  inflammation,  and  pain,  and  neces- 
sary restraint,  they  become  weak ;  and 
even  confinement,  and  want  of  exercise, 
without  disease,  will  produce  imperfec- 
tions. Kxercise  unfolds  the  muscular 
system,  producing  a  full  bold  outline 
of  the  lunbs,  at  the  some  time  (hat 
the  joints  are  knit,  small,  and  dean. 
In  the  loins,  thighs,  and  legs  of  a  dancer 
we  see  the  muscular  system  fiilly  de- 
veloped ;  and  when  we  turn  our  atien- 
tian  to  his  puny  and  disproportioned 
arms,  we  aclmowledge  the  cause — (bat, 
in  the  one  instance,  exercise  has  pr«- 
duced  perfection,  and  that,  in  the  otlwT. 
(he  want  of  it  has  occasioned  defimnily. 
Look  to  (he  lees  of  a  poor  Irishman 
travelling  lo  the  narvest  with  bare  tetl : 
the  thicKnesa  and  roundness  of  the 
calf  show  that  tlie  foot  and  toes  are 
free  to  permit  the  exercise  of  the  mowlcs 
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of  the  Ire.    Look,  apun,  to  the  leg  oF  of  the  greater  feats  of  strength  and 

our  English  peasant,  whose  foot  and  activity.     This  caution  in  the  public 

ankle  are  tightly  laced  in  a  shoe  with  a  exercises  is  the  very  demonstration  cf 

wooden  sole,  and  you  will  perceive,  from  the  dangers  of  the  system.    The  boya 

the  manner  in  which  he  lifts  hislega,  that  will  not   be   always  under  this   severe 

the  play  of  the  ankle,  foot,  and  toes  are  control,  and  yet  it  is  important  to  their 

lost,  as  much  as  if  he  went  on  stilts,  sa&ly. 
ajid,  therefore,  are  his  tegs  small  and 

And  this  brings  us  naturally  to  a  sub-  We  may  learn  how  necessai;  it  is  to 

Ject  of  some  interest  at  present  i  we  bring  the  animal  system  gradually  into 
mean  the  new  fashion  of  exercising  our  aiCtioa  from  the  ettecta  of  very  mode- 
youth  in  a  manner  which  is  to  supersede  rate  exercise  on  a  horse  just  out  of  the 
dancing,  fencing,  boxing,  rowing,  and  deal^'s  hands.  The  purchaser  thinks 
cricket,  and  the  natural  impulse  of  be  may  safely  drive  hun  ten  miles,  not 
youth  to  activity.  aWare  that  the  horse  has  not  moved  a 

By  this  fashion  of  training  to  what  mile  in  a  week,  and  the  consequence  is, 

are    termed    gymaastict,    children    at  inflammation   and    congestion    in    tiis 

school  aretobe  urged  to  feats  of  strength  lungs,     Ther^ulation  in  the  army  has 

nnd  activity,  not  restrained  by  parental  been   made  on   a   knowledge   of  these 

authority,  nor  left  to  their  ovm  sense  of  facts.    When  young  horses  are  brought 

pleasurwle  exertion.    They  are  made  from  the  dealer  they  are  ordered  to  be 

to  clinili,  to  ihrow  their  hin\)s  omt  a  walked  an  hour  a-day  the  first  week, 

bar,  to  press  their  foot  dose  to  their  two  hours  a-day  the  second  week,  three 

hip,  their  knees  dose  to  tlieir  stomach ;  hours  a-day  in  the  third  wet'];.     They 

to  ban;;  by  llie  arms  and  raise  the  body,  are  to  be  fatigued  by  walking,  but  they 

— to  hnni;  by  the  feet  and  knees, — to  must  not  be  sweated  in  their  exercise. 

Btrugi;le  nirainst  each  other,  hf  placing  Horses  for  the  turf,  under  three  years 

the  snies  of  their  feet  in  opposition,  and  old,    in   training    for    the   Derby,   arc 

to  pull  with  their  hands.    No  doubt,  if  bi'ought  very  slowly  to  their  exercise, 

such  cKercises  be  persevered  in,  the  bemnning  with  the  lounge  ;  then  a  veiy 

muscidar  powers  will  he  strongly  de-  light  weight  is  put  upon  them,  and  that 

veloped.    But  the  first  question  to  be  gradually  increa-sed.    Indeed,  nothing 

considiTid  IS  the  safety  of  this  practice,  can  belter  sliow  the  etfects  of  exercise. 

We  haw  sc-un  a  professor  of  gymnits-  in  perfecting  tlic  muscular  action  thaa 

tics,   liv   such  training,   acquire   great  the  consequence  of  the  loss  of  nne  day'si 

■trenglh   and   prominence  of  muscles ;  training.     It  will  bring  the  fa\-ourite  to. 

but  by  this  unnatumi  increase  of  mus-  the  bottom  of  the  list,  and  lliat  without 

cular  power,  through  the  exercises  ho  any  suspicion  of  lameness,  but  from  b/ 

tecommendcd,  he  became  ruptured  on  knowledge  of  the  fact,  ihat  even  sucb 

both  sides.    The    same    accident  has  a  slight  irregtilarity  in  lus  training  wilV 

hlqipcned  to  boys  loo  suddenly  put  on  have  a   sensible  effect   on   Ilia   speed.- 

these  efforts.  Shall  the  jiossibihty  of  pecuniae  los» 

It   i'i  proper  to  observe,  that  when  excite  the  jockey  lo  more  earn  for  his- 

the  tnusciilar  power  is  thus,   we  may  horse  than  we,  m  our  rational  and  hu- 

say,  pri'ttmaturally  increased,  whether  mane  atlenUon  to   tlie    education    oC 

in  tbo  iiis1:ince   of  a    race-horse,  an  our  youth,    pay  to   thur  health    and 

opem- (lancer,  or  a  pupil  of  the  Calls-  aafe^? 
tnenic  school,  it  b  not  merely  necessary 
to  put  them  on  their  exercises  gradually 
in  each  successive    lesson,  but  each 

day's  exertion  must  be  preceded  by  a  ^, 

wearisome  preparation.    In  the  great  cite  our  surprise  Umt  anatomy  is  sw 

schools,   hke   that   at   Stockholm,    the  little  cultivated  by  men  of  science.    Wa 

master  makes  the  boys  walk  in  a  circle ;  crowd  lo  see  a  piece  of  machinay  or 

then  run,  al  first  gently;  and  so  hegra<-  a  new  enpnP.  but  neglect  lo  raUe  the 

dually  brings  them  into  heat,  and  the  covering  which  would  display  in  the 

texture*  of  their   frame  are  composed  body  tlie  most  striking  proois  of  design. 

to  that  state  of  elasticity  and  equal  re-  surpassing^  art  in  simplicity  and  eF- 

sistance.    as   well    as   to   vital   energj',  fectivenesH,  and  without  any  thing  use- 

wbich  is  necessary  for  the  safe  display  less  or  superfluous. 
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A  moM  important  deduction  from  the  tmr  system  ;  that  thwe  is  not  a  globule 

view  of  the  tmimal  structure  it,  that  our  of  blood  which  cirCTilafea,  but  possesses 

conceptions  of  the  pa^eclion  and  beauty  atlrnction  as  incomnrehensible  and  won- 

in  the  design  of  nature,  are  exactly  in  derful  as  that  which  retains  the  planets 

proportion  to  the  extent  of  our  capa-  in  their  orttits. 

eity.    We  are  ^miliar  with  the  meoha-  The  economy  of  the  animal  body,  as 

nical   powers,    and    we   recc«nise  the  the  economy  of  the  universe,  is  suffi- 

principles  in  the  structure  of  the  animal  aently  known  to  us  to  compel  ns  to 

machine  ;  and  in  proportion  as  we  un-  acknowleikean  AlmiKhtv  Power  in  the 

derstand  the  prinoiptes  of  hydrostatics  oreation.     What  wooH  ne  the  conse- 

and  hydraulics,  are  aM« to diseem  the  qneneet^afiurther  insight — whetherit 

most  beautiflil  ad^tatkm  of  them  in  woiAI  conduce  to  our  peace  or  happi- 

the  vessels  of  an  animal  bo^.    But  ness — whether  it  ifoM  assist  us  in  oiir 

when,  to  our  further  pragress  in  ana-  duties,  or  dirert  us  from  the  pcrform- 

tomvi  it  ia  necefeaiv  thM  we  should  anc«  of  &aa,  is  very  tmcertain. 
■tu^  a  matter  lo  diSBnlt  as  the  theory 
tt  hfe,  imperftot  prinoiriea  or  wrong 

conceptiotM  datort  and  obsetire  (he  «p-  CsaptbrVTI. 
pearances :  hlie  and  presumptuous  the- 
ories are  formed,  or  we  are  throivn  back  Book*. 
in  disappointment  into  seepticiEnt. 

chance  only  could  produce    tht...    j. 

which  we  do  not  comprehend  ilic  per-  fcsted  hi  ftie  Works  of  the  Crealioii. 

ted  arrangement     But  stndle.t  ht-Hcr  has  several  chapters  on  the  animal  cco- 

directed,   and  prosecuted  in  n  liL'tlor  nomy, 

~irit  [Hvive    that   the   human   body.  Archdeacon  Paley  has  composed  a 
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High  deprived  of  what  gave  it  sense  work   of  luf;h   inleii'-.t,  by   takm;;  (htf 

and  motion,  is  still  a  plan  drawn  in  comniaiiHiiaiomicaldvmiiiistralions.an.i 

perfect  wisdom.  presenting  them  in  an  ekcant  and  po- 

A  man  posiiessed  of  that  liumilify  pular  form.    His  work  is  entitlpd  S'a- 

which  is  Rkin  to  true  knowledge,  may  tural  Theolow;  or.  Evidence!!  of  the 

be  depressed  by  too  extensive  a  survey  Exislence  and  Attributes  of  Uie  Deity, 

Of  the  frame  of  nattuv.    The  stupen-  collected  from  the  Appearances  oCN'a 

douB  ehang;^^  which  the  Efeologist  sur-  ture. 

veys — the     incomprehensible    magni-  The  celebrated  Fenelon  has,  with  tiie 

tude  of  the  heavenly  bodies  moving  in  same  pious  object,  composed   a  small 

infinite  space,  bring  down  his  thoughts  duodecimo,  in  which  he  draws  his  ar- 

to  a  painful  sense  of  his  own  UtUeness :  guments  from  the  structure  of  animal 

"  to  him  the  earth  with   men  upon  it,  bodies. 

"will  not  seem  much  other  than   an  Wollaston.in the^'ReUgionofNatviro 

"  ant-hill,  wiiere  some  ants  carry  com,  delineated,'"  has  the  same  train  oi" reflii;- 

"  and  some  carry  their  young,  and  some  tion  to  prove  that  there  can  be  no  sui;h 

**  go  emptv.  and  all  to  and  fro  a  little  ihing  as  chance  operating  in  and  about 

"  neap  or  dust."'  whai  we  see  or  feel ;  and  he  says,  with 

He  is  afhud  to  think   himself  an  grent  propriety,  "Mow  niav  a  man qua- 

otject  of  Divine  caw :  Imt  when  he  re-  nfy  himself  so  as  to  be  able  to  judge  of 

guds  the  structure  Of  hi*  own  body,  he  the  reli^ons  professed  in  the  world;  (o 

teams  to  consider  space  and  magnitude  settle  ms  own  opinions  in  disputable 

as  nothing  to  a  Cii'iiinr,    Hi'  iiLiJs  limt  matters;  and  then  to  enjoy  tranquillity 

the  Uving  b«ng,  which  he  was  al.iout  to  of  mind,  neither  disturbing  others,  nor 

contemn,  in  compari.^on  with  the  great  being  disturbed  at  what  passes  among 

system   of  the  universe,   exists  by  the  Ihera  ?" 

continuance  of  a  power,  no  less  admir-  Derham,  in  sixteen  sermons,  preach- 

able  than  that  which  rules  the  heavenly  od  in  1711,  at    the    lecture    founded 

bodies ;  he  sees  that  there  is  a  revolu-  by  Mr.  Boyle,  treats  at  len^h  of  the 

lion,  a  circle  of  motions  no  leas  won-  sfruetm-e  ot  oiu-  organs.  These  are  also 

derful  in  his  own  frame,  in  the  micro-  published,  separately,  under  Uie  title  of 

«osm  of  man's  body,  than  in  the  plane-  PAgtico-TheoIogy ;  and  they  naturally 

_  suggest  lo  learned  divines,  the  expe- 

'^"  dieiicy  of  sometimes  expoiuiding  lo  their 

■Bana.  hearers  the  evidences   of  design  appa. 
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rent  in  the  imiTerae,  as  a  sure  means  of  He  is  wrought  upon  by  circumstances 

enlightening  their  understandings,  ele-  which  ought  not  to  sway  the  mind  of 

vating  their  views,  and  awakening  their  a  sensible  man ;  at  one  tune  depressed 

piet^.  to  the  depths  of  despondency,  and,  at 

lliis  cultivation  of  the  mind,  t>y  ex-  another,  exalted  into  unreasonable  en- 

ercLsing  it  upon  the  study  of  proper  thusiasm.    Without  such   cultivation, 

ol^ects,  is  a  man*s  first  duty  to  hunselfl  were  a  man  to  live  a  hundred  ^ears, 

lyithout  it,  he  can  have  no  steady  opi-  he  is  at  last  like  one  cut  off  m  in- 

Dion  on  points  of  the  nearest  conoem.  foncy. 


ANIMAL    MECHANICS, 

OR, 

PROOFS  OF  DESIGN  IN  THE  ANIMAL  FRAME. 


PART  II. 

SHOWING  THE  APPLICATION  OF  THE  LIVING  FORCES 


Amongst  the  least  informed  people,  and  Creator,  and  abounds  in  demonstrations 

in  remote  villages,  there  are  old  saws  of  a  Supreme  Cause ;  and  when  Cicero 

and  rules  regarding  health,  sickness,  desires  to  prove  the  existence  of  the 

and  wounds,  which  might  be  thought  to  Deity  from  the  order  and  beauty  of  the 

come  from  mere  experience ;  but  they  universe,  he  surveys  the  body  of  man, 

are,  on  the  contrary,  for  the  most  part,  deeming  nothing  more  godlike,  as  mark- 

the  remains  of  forgotten  theories  and  ing  man's  superiority  to  the  brutes,  than 

opinions,  laid  down  by  the  learned  of  the  privilege  of  contemplating  his  own 

former  days.     Portions  of  knowledge,  it  conaition.  since  it  teaches  him  the  ways 

would  appear,  confined  at  first  to  a  se-  of  providence,    from   a  knowledge  of 

lect  part  of  society,  are,  in  the  progress  which  come  piety  and  all  the  virtues, 

of  tune,  diffused  generally,  and  may  Although  we  are  writing  under  the 

be  recognised  in  the  aphorisms  of  the  title  of  Animal  Mechanics,  the  reader 

poor.    These  are  traced  to  their  source  must  be  aware  that  we  cannot  proceed 

only  by  the  curious  few,  who  like  to  much  farther,  on  mechanical  principles 

read  old  books,  and  to  observe  how  that  alone.    At  least,  before  we  have  it  in 

which    is    originally    right,    becomes,  our  power  to  illustrate  particular  parts 

through  prejudice  and  ignorance,  dis-  of  tne  animal  frame,  by  reference  to 

torted  and  fantastical.  those  principles,  we  must  nave  the  proofs 

If  a  very  little  exact  knowledge  of  the  before  us  that  we  are  considermg  a 

structure  of  our  own  frames  were  more  living  body.    It  is  the  principle  of  l\fe 

generally  diffused,  chanty  would  be  ad-  which  distinguishes  the  studies  of  the 

vanced,  empirics  could  hardly  maintain  physiologist  from  the  other  branches 

their  influence,  and  medical  men  might  of  natural  knowledge.    To  lose  sight 

have  a  farther  motive  to  desire  pro&«  of  this  distinction,   is    to    tread    back 

sional  eminence.  the  path,  and  to    engage   once  mtre 

Men  suppose  that  the  knowled^  of  in  the  vain  endeavour  to  explain  the 

their   own  bodies  must  be  a  science  phenomena  of  life  on  mechanical  prin- 

locked  up  from  them,  because  of  the  ciples.     We  have  taken  mechanics  in 

language  in  which  it  is  conveyed;  or  they  their  application  to  mechanical  struc- 

take  away  their  thoughts  from  it,  as  ture  in  the  living  body,  because  they 

from  the  contemplation  of  danger,  un- .  ^ve   obvious   proofs    of   design,    and 

willing  to  survey  the  slight  ties  by  which  m  a  manner  that  admits  of  no  cavil, 

they  hold  their  lives.    They  are  like  Yet,  although  those  proofs  are  very  clear 

persons  for  the  first  time  at  sea,  who  in  themselves,  they  are  not  so  well  caU 

shudder  to  calculate  how  manv  circum-  culated  to  warm  and  exalt  our  senti- 

stances  must  concur  to  speed  the  frail  ments,  as  these  which  we  have  now  to 

vessel  on  its  voyage,  and  how  little  is  offer,  in  taking  a  wider  view  of  the 

between  them  and  the  deep.    It  is  then  animal  economy, 

a  mean  and  timid  spirit  that  shuts  out  In  entering  on  the  second  department 

from  our  contemplation  the  finest  proofs  of  this  treatise,  the  reader  may  be  startled 

of  Divine  Providence.    Galen's  treatise  at  the  subjects  of  discussion  ;  but  this 

on  the  uses  of  the  parts  of  the  human  comes    also  firom   ignorance  of  their 

body,  was  composed  as  a  hymn  to  the  nature.  Much  may  be  learned  from  tlMi 
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Their  Imtnd  ofwiembliiM  j^n  wUdi  eon- 

nHeC'  m  water,  and  whidi  reocira  the  tone 

Ibna,  but  it  b  the  biui-  orgmvitation  on  than,  th^han  both 

-'--  • •--  ng  alive  to  daMcitr  — '   — *-*-  "-' — 

,--  . „    .„hwo  have  powo-.  '^ 

baoi  aoouiloiiwd   to  from  dddbood,  vfljritheblood  o 

■ad  ha««^  ttwwfciov  loos  ocaaed  to  ob-  badjr.  baa  a  pn»ertj  of  action  in  ilMiC 

»tn9  wiA  atlcBtioa.  Ita  daaticitj  aui  mnamlar  powv  nut 

In  the  ftnrt  'ohntcr  of  flni  MDond  dvaage  UiMe  mBuwiwwlmh  w«  atodj 

put  we  ihaU  oootmne  to  *"'——  the  in  wne  hydraufie*. 
operatiooa  of  Ihe  ammal  bodf,  bde-        ThHeUtobelD(ind,Di 

pendenl^oftbeagai^ortheliTingpro-  n  great  deal  that  ia  r~ 

pertjr.  WeAaUoonndH-itaaaiiMnhj-  wmn   we   oonmare   t 

oraulie  machine.    FoOowing  the  blood  animalbody  with  the IndranSo  engine; 

in  ill  dretethroaiEh  ctitcniciiideoiMhut  tbecapadlyoftbeyeiMi;theiBefcnie, 


^lea.  we  rinlt  p«»nt  out  Ihe  qppUeation  or  dimimfficui,  of  Oieir  eaUbna;  flicir 

or  thannndpleaof  tUa  adcnce,  aawo  ourrea;  thedtreetionoftherbnodiea; 

lbnn<^didthoaoofBNaliainoa,BndiO  — ell  thaoe  oudit  itai  to  be  on  the  mom 

■nivo  at  Ito  fib*  ooocfawioiw  bj  n  dif-  ftinc^lei  on wUdtemeriMcohietMight 
HMD  to  fonn  oonduitrtpei.  Weougbt 
not  to  be  tn£Arent  rattMBtproonof 

iTwerfiallflnd  deeimibeeauaeweadBowledfetbalan 

my  fannoh  of  an  aitar,  or  of  a  TCto.  inflnttdy  ■upcriorpower  isbrmiriit  mto 

taU^  Hnt  preoiw  oouTM  and  direetiui  opv^ionintbeaiinaalbodr.aidn^icli 

which  thk  expoicnee  of  the  enginev  «  tin  i  nil  j   to  the  evenUion  of  the 

ihowi  to  be  meeaiatT  in  U;ing  the  Uood.    It  lendcn  the  ii^mrj  more  diT- 

poe>  of  tn  engine.  Sodt,  bat  it  doei  not  obeeun  thi  infer- 

TIoTmg  am  eurtewd  thi  wedtMricel  men  drawn  from  On  coBriUomioa  of 

opvationa  of  the  animil  bodv,  m^  the  the  whok  nibjeeL 
oouneoflhelnidioonrcgradairoaghit.       Wo  diall  Snt  pnarat  to  our  naden 

en  hydraulio  princ^dei,  wo  ihaU  con-  thednipfcatbim  oflbe  Heart  It  iinot 

ffider   ounelvei   a>   having    adTUiced  neceMiry  to  dHail  the  more  complical- 

Ihroui;h  Ihe  meaner  to  the  higher  Directs  cd  itructure  of  lite  human  heart,  whm-. 

of  inquiry,  and  proceed  to  show  liow  in  fact,  two  hearts  are  comtnned ;  thu 

the  pnnciple  of  life  beatowi  difiirent  fibrex  of  the  one  continued  intothe  fibres 

eiulownienti  on  the  framework  j   how  of  the  other,    and   the  tubei  twisting 

molioa  origiiwtes  in  a  manner  quite  dif-  round  one  another  so  u  to  present  the 

fcrent  from  that  produced  by  meehani-  form  which  U  familiar  to  evay  body, 

forcei:  how  the  eensibilities  ani-  Althoughtherearefourintricitecavities. 

mate  the  livmg  propertiea   of  action  ;  ^ven  lubes  conveying   the   blood  mto 

how  the  diflWent  aidownients  of  life  them,  and  two  conveying  it  out  of  them, 

correspond  with  each  other,  and  exhibit  we  shall,  for  the  purpose  of  conside.iiw 
power  and  design  in  a  d^tee  fu-  su-  ' 

perior  to  any  thiiv  that  we  observed  in  ^/^-  ^  - 

the  mechanical  at^uitment  of  the  iHrii. 
K  the  circulation  of  the  fluids. 


Chapter  I 


7X«  drculation  of  the  blond,  upon  the 
prine^Uet  of  hydraulic*. 

Iif  tracini;  the  course  of  the  circulation 
of  the  blood,  it  is  natural  to  inauire 
twiw  far  the  system  of  retervoini.  pipes, 
and  valves,  which  form  Ihe  apparatus 
for  conveying  it,  are  eonitruoted  on  Ihe 
principles  of  hydraulic*. 

We  And  thii  difficulty  in  the  outset. 
that  the  vessels  containing  the  blood  aie 
not  rigid,  like  thoee  the  engineer  em- 

njfi  m  erecting  hydrfculic  machinerv. 
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tW  Torces  circiilittini;  the  Ijlood,  anil  com- 
pHiiiig  Uie  living  vessels  ivilh  pi[i«», 
jiresent  the  heart  and  vessels  as  simjile ; 
jel  with  perfect  truth,  beinz,  in  fwct,  the 
ntart  and  vessels  of  animals  of  more 
simple  structura. 

The  action  of  the  heart  k  this ;  (he 
lilood  returns  Irom  the  l)ody  liv  veins  into 
Ihesinus,  orauriide,*  A,  and  distends  it ; 
IhJH  sinus  is  surronniled  with  muscular 
fibres ;  t>y  the  distention  or  elongation 
of  these  fibres  they  are  excited,  and  the 
sinus  contracts  ai>d  propels  the  blood 
into  the  ventricle,  B.  Tne  ventricle  is 
more  muscular ;  it  is,  in  fact,  a  power- 
ful hollow  muscle;  it  is  excited  liy  the 
distention,  and  contracts  and  propels 
ll-.e  Mood  into  the  artery,  C. 

We  understand  then  that  every  heart 
must,  at  least,  consist  of  two  cnviiies 
allfmating  in  Iheir  action ;  that  the 
vessel  which  csrries  the  blood  to  them  is 
called  a  vein;  and  tlmt  the  vessel  which 
(tHTi-ies  the  blood  out  from  them  is  the 

Ttie  first  thinz  that  strikes  a  person 
examining  the  heart  is  the  extraordinary 
btricacy  of  the  cavities,  from  the  inter- 
lacit^  of  its  muscular  fibres,  and  he  na- 
tural says  that  they  appear  ill  calcu- 
lated for  conveying  afluidllirough  them. 
1'liere  is  an  altraclion  between  fliiids 
and  solids,  he  might  ot>3erve,  and  this 
attraction  is  increased  by  the  exteniiion 
of  the  surfaces  of  the  pdlirs  and  cords 
which  he  sees  in  Uie  inierior  uf  llie 

We  must  remind  him  that  Ihe  blood  is 
coming  back  from  the  bi<dy,  having  per- 
formed very  difierent  offices,  in  ditterent 
parts,  and  nas  parted  with  different  pro- 
perties, in  the  several  organs  it  has  sup- 
plied. There  is  in  that  stream  of  blood 
which  enters  throuch  the  vein  a  new 
aupi^ly  of  fluid  whicli  has  come  by  di- 
gestion, the  material  fur  making  fresh 
blood,  as  well  as  that  which  has  run 
the  circle.  These  two  fluids  must  be 
thoroughly  mixed  together,  and,  no 
doubt,  this  is  ooeof  the  offices  i^wided 
for  by  the  intricate  of  the  interior  of  Ihe 
heart 

Again,  loofciug  to  the  recesses  of  the 
cavities  formed  between  tlie  fleshy 
columns,  and  behind  the  valves,  we 
might  suppose  that  tlie  blood  would  re- 
main there  stagnant.  There  are  cavi- 
ties or  receiaas  too  in  th:  remote  parts 
of  the   circulating   vessels,   where    we 


micht  suspect  Ihat  (he  influence  of  tlie 
stream  would  not  be  fell,  and  a  slai^a- 
Iton  might  take  place.  Hut  there  is  at- 
tracl ion  between  the  particles  of  fluids 
as  well  as  between  the  fluids  and  Iheir 
containing  tubes.  Let  us  see  Ihen  Irow. 
in  this  figure,  astream  of  water  carried 
through  a  cistern  of  water  will,  by  its 
friction,  draw  after  it  the  water  in  the 


The  stream  entering  the 

Ihe  pipe,  B,  carries  «i 

ler,  C,  which  stands  abO' 
its  upper  surface.  By  this  we  see  that 
the  stream  of  blood  entering  into  Ihe 
lieiirt,  even  if  its  cavities  were  not  emp- 
tied at  each  pulse,  as  some  contend  they 
are,  would  draw  out  the  blood  from  its 
recesses,  so  that  no  part  could  remain 
stagnant,  but,  on  the  coolraiy,  all  would 
be  carried  in  eddies  round  the  irregula- 
rities until  they  look  the  direction  of 
the  gre.it  artery,  in  which  they  would  be 
perfectly  combined. 

The  next  thing  to  be  noticed  partakes 
of  the  nature  of  a  mechanical  provision 
— we  mean  Ihe  nction  of  the  valves. 

We  must  here  remnrk,  that  the  open- 
ini:  into  the  veniride  is  very  different 
from  tl,at  which  leads  out  of  it — the 
laltcr  being  much  smaller.  Medical 
writers  describe  this  us  if  it  were  DOlliing 
to  them,  and  a.  mere  accident  But  it 
must  be  recollected,  that  a  stresm  of 
water  entering  a  reservoir,  is  io  a  vay 
different  condition  from  that  which  .» 
going  out  of  it ;  it  is  on  this  principle 
tliat  the  mouths  (oilia  is  the  anatomical 
term)  of  the  ventricle  are  diflerenllv 
formed,  and  it  is  this  difference,  whicFi 
makes  the  structure  of  the  valves  which 
guard  those  passages  so  diss i mil ar  and  so 
appropiiate.  Without  attention  to  this, 
we  should  follow  our  medical  autlu)ri1ies, 
find  call  this  variety  in  the  mechanical 
playfulness  in  nab 


vwnMUe 
n  of  dengn  TinUe  at 
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,  to  Me  m  pre-  hm  a  bolt-npe  ran  alcnc  tbcm ;  and 

the  Itnt  itep  ontlMiadge*rtiaeitntlUH>Bd,llMcaB- 
■nm  im  mangltaenad  bjr  bong  hemmed 
down  or  tiblel    In  tbe  «tma  ma,j  ta 

lood-gatw  which  sIom  ttie  openinn  the  foot  of  the  eail,  or  lower  nurpn.  i* 

■gainat  the  letopade  motiont  of  the  etwngthenad  with  the  boll-vope^  joit  lo 

Mood.    Thef  an  not  all  <rf  the  tame  an  the  velvet  atrearHMned  at Iharednee 

mfn-hfuVul  Bjwihii^iftn ;  andthnrdif-  andtharBoraara.  When  the  two  rapa 

fannee  deawea  the  readefa  attention  Join  in  tha  looae  eomar  of  the  aail,  th^ 

aanravingderiKnmfina  l^dratilia  ma-  ncm  «  dna— nlooft  to  whi^  tadde  u 

cbmerjr.  attaebed;  tho  vabe  has  aneh  a  eonMr, 

The  valve  wbMi  we  have  flnt  to  de-  eo  rinn^hened. and haa mooed  attachoL 

aeribe,  rinaea  the  OMrnng  betwixt  the  The  eomera  of  the  aail  an  atrangth- 

auride  or  ainua,  and  the  vODdiele,  and  aed  by  additional  portiona  of  ennvaH 

preventi  the  action  of  the  ventricle  pro-  ealled   patehea;    ao    an    the    valve* 

palling  the  blood  beek  again  into  the  atnngtheoed  when  their  tendona  an 

aiirida.  infixed.    To  the  oomeror  sine;  B,  ropet 

Itiaaweb  or  membrane,  reaembling  anattadiedwhiohBneaOed  IbaaMft, 


....„,  — . a  tiie  vrind  doee  othv,  aeeording  to  the  dJradion  of  the 

fliaatiy-Mil.argib.of  avemil.iriMohit  wind,8iidthe  tnek  theddp  ia  on;  the 

■Ddi  neemblee,  beiiq;  triangnlar  and  valvee  ban  abo  their  tadde ;  and,  in 

Minted.   Ihenanlhneortbeaaraem-  riiort,  in  shall  find  a  naemblanee  to  all 

iiranei,   and  the  vabe  ia  called    Iri-  the  jmria  of  a  aail  m  the  valvee  of  the 

aupid,  or  three-pointed.    Three  mem.  .heart 

Pfg.  3.  Fig.  4. 


brUMs  IhPH,  of  this  kind,  comtnning  and 
being  floateil  back  upon  the  mouth  of 
the  opening,  effect  u  all;  close  it 

The  illustration  of  the  action  of  these 
valves  by  a  sail,  is  so  perfect,  that  if  the 
reader  will  have  pniience  to  attend  to 
those  little  contrivances  trhich  the  ma- 
riner finds  necessary  for  strengthening 
hia  canvass,  and  ^vinic  to  it  the  full  influ- 
enoeof  the  wind,  he  will  have  an  accurate 
idea  of  the  a^juitment  of  these  floating 
valves. 

To  carry  on   tha   comparison — oiie 

edge  of  the  stay-iail  is  extendnl  upon 

^»  A  A.  and  tied  to  it  by  AatUu. 

M  of  the  aail*  called  the  fawA«*, 


.  One  edge  of  the  triangular  valve  is 
tied  to  the  margin  oflheopening,ts  one 
of  the  leechei  of  the  sail  is  attached  to 
the  stay;  the  oppoaile  coma  is  loose, 
and  floats,  as  the  nuI  does  in  tacking, 
until  the  blood,  beaiiiw  against  it  as  the 
wind  bean  against  the  sail,  bws  and 
distends  it ;  the  comer  is  then  h^  down 
by  tendons,  for  then  an  cords  attached 
to  the  comer  ofthe  valve,  as  well  ax  to 
the  comer  of  the  saiL  These  the  ana- 
tomist eallx  eordtt  fmdmeiv,  B  B,  which 
in  their  office  have  an  exact  resemblance 
to  the  ropes  called  the  sheets  of  the  ssil. 
They  are  delipste  tendons  attached  to 
the  margin  of  the  valve,  and  they  pre- 
vent the  mafgin  from  t>dngoaiTieabacl[ 
into  the  auricW 
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Here  we  find  a  very  lieautird  mits- 
cukr  apparatus  which  is  necessary  to 
the  perfect  adjiislment  of  these  curds. 
The  cords  are  attachnl  to  small  muscles 
called  eotumme  eamea,  C  C,  or  fleshy 
columns,  which  at  their  other  extremi- 
ties are  incorporHted  with  the  muscu- 
lar wall  of  the  ventricle  itselt  The 
use  of  these  muscles  is  now  to  be 
explained.  Had'  the  tendinous  cords 
of  the  valves  been  tied  to  the  inside  of 
the  wall  of  the  ventricle,  without  the 
intervention  of  these  muscles,  as  the 
walls  of  the  cavity  approach  each  olhur 
during  their  contraction,  the  tendinous 
cords  would  have  tieen  let  loose,  and  the 
margins  of  the  valves  carried  Iwckinto 
the  auricle.  But  hy  the  intervention 
of  these  muscles,  they  are  pulled  upon 
and  shortened  in  proportion  as  the  sides 
of  the  cavi^  approach  each  other. 

On  the  whole,  then,  we  perceive,  that 
this  apparatus,  which  is  as  intricate  as 
the  rigging  of  a  ship,  consists  of  a  va- 
riety of  fieshy  columns  and  coida,  many 
ofwhidi.iniacl.run  across  the  cavity  of 
the  ventricle. 

We  are  about  to  exhibit  another  form 
of  a  valve,  much  simpler,  and  yet  we 
are  bound  to  believe  equally  effectual; 
which  tends  to  support  the  opinion  ex- 
pressed above,  that  besides  preveatint; 
the  retrograde  motion  of  the  blood,  this 
intricate  apparatus  of  the  ventricle  is 
intended  more  effectually  to  agitate  and 
to  mix  the  different  streams. 

At  the  root  or  origin  of  the  great 
artery,  called  the  Aorta,  there  is  a  firm 
ring  to  which  the  valves  now  to  be  de- 
siaibed  are  attached.  The  necessity  of 
this  will  appear  evident,  since,  if  the  ring 
could  be  stretched  hy  the  force  of  the 
iieart's  action,  the  valves  or  flood-gates 
would  not  be  sufficient  to  close  the  pas- 
sage ;  their  conjoined  diameters  would 
not  equal  that  o(  the  artery  which  th^ 
have  to  close.  These  valves  are  three 
in  number:  they  are  little  half-moon 
shaped  bags  of  thin  membrane,  which 
are  thrown  up  by  the  blood  passing  out 
from  the  ventricle,  but  by  the  slightest 
retrograde  movement  of  the  blooa  their 
margins  are  caught,  and  then,  being  dis- 
tended or  bagged,  they  (all  together,  and 


n  up  by  the  bWd  passing  out  of 

Uie  heart,  it  is  not  permitted  to  touch 


or  fall  flat  upon  the  side  of  the  adery, 
for  if  it  did,  it  would  not  be  readily 
caught  up  by  the  blood  that  flows  back ; 
there  is  therefore  a  little  dilatation  of 
the  coats  of  the  artery  behind  each  valve 
by  which,  althoush  the  margins  of  the 
valve  be  distended  to  the  full  circle,  they 
never  cling  to  the  coats.  These  valves, 
Ihvn,  are  never  permitted  to  Ul  against 
the  coats  of  the  artery,  and  therefore 
(hey  are  always  prepared  to  receive  the 
motion  of  the  rmuent  Uood. 

Fig.  6. 


iiCt  tius  ngure  repirsent  a  inuinimiiB 
section  of  the  root  of  the  aorta,  A  A,  the 
inner  circle,  is  the  mar^  of  the  three 
valves  thrown  up  to  let  the  blood  Msa. 
B  B  B  are  tlu«e  semicircular  rags 
formed  by  the  dilatation  of  the  coats  of 
the  artery  at  this  part,  receding  from 
the  margin  of  each  of  the  valves— con- 
sequent^, in  such  a  manner  as  to  leave 
a  space  between  the  valves  and  the  sides 
of  the  vessel 

To  strengthen  the  valves,  a  tendon 
runs  along  their  margin  like  the  bolt- 
rope  or  foot-rope  along  the  edge  tA  K 
•aU,  and  these  ifeaments  are  attached  to 
the  side  of  the  artery,  and  give  the  valve 
great  strength. 
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llwse  v»lv««,we  ha»«  uid,  ue  waoi- 
luMT,  coTiMquently,  when  Ihey  ftdl  lo- 
getber,  there  must  be  %  (race,  A,  lei^  be- 
tween them.  If  we  put  the  pointa  of  the 
thumb,  fore  wad  middle  fingns,  toge- 
llMr,  there  is  a  trinngulv  space  left 
betwem  them  ;  such  &  space  between 
the  convexities  of  the  three  v»lves  would 
t)e«  defect 


Three  htlle  bodies  hke  ton^  tei  are 
therefore  attached  to  the  m  ditle  of  the 
marten  of  each  valve  and  these  f  lilt  ^ 
together  «henthe  valve  ts  al  ut  down 
perfect  theseptiim  and  prevent  a  drop 
of  blood  passinj;  backnBrds. 

The  valves  have  no  power  of  acce- 
lerating the  motion  of  the  blood ;  they 
only  prevent  its  retrograde  motion,  and 
cause  the  whole  power  of  the  heart  to  be 
employed  in  direcling  the  blood  for- 
wards in  the  course  of  the  circulation. 
But  when  thejr  are  ruptured,  when  the 
valve  flr^t  desctit>cd  b  rent,  or  the  cordte 
temlinew  are  brokcn.then  the  membrane, 
vrhich  ne  have  s^d  b  like  a.  sail,  is  car- 
ried back  from  the  second  into  the  first 
cavity.  It  is  like  the  sail  torn  firom  the 
•heets  and  fiying  out  before  the  wind: 
the  efK-cl  is  terribie  ;  the  pulse  of  the 
heart,  the  whole  force  of  which  should 
be  given  to  cany  the  blood  forwards  in 
the  arteries,  has  half  its  force  directed 
backwards  upon  the  veins. 

In  the  <iBme  manner  the  semilunar 
vaKes  in  the  root  of  the  aorta  may  have 
their  margins  torn.    We  have  described 


the  marein  of  these  valves  to  be  la-eiwth- 
ened  by  a  tendon  orcord  run«]om;the)r 
edge,  like  the  rope  which  is  sewed  to 
the  etb^  of  a  sail.  There  is  an  obvious 
intentionin  strengthening  the  valve  here; 
but  when  textures  of  this  kind  become 
impaired  in  the  human  frame,  this  may 
jrive  way  and  be  lorn,  and  then  the  re- 
action of  the  artery,  when  the  heart  has 
given  its  stroke,  is  lost;  for,  instead  of 
mipelline  the  blood  forwards,  the  blood 
nmabackwardsintolheheart.  TheelfK;t 
of  these  accidents  is  extreme  debility  uf 
circulation,  with  symptoms  varied  ac- 
cording as  the  defect  falli  on  the  circu- 
lation through  the  lungs  or  ttu-ough  the 
iHMly— that  is,  whether  on  the  rit:hl  or 
Iheleft  heart  of  man.  But  such  acc:d<>nts 
are  rare,  and  never  take  place  until  dis- 
ease has  impaiied  the  strength  of  what 
ive  may  call  the  tackle  of  the  valve. 

The  next  remark  is  founded  more  di- 
-eslly  on  the  hydraulic  principle. 

This  ring  and  these  valves  at  the  he- 
ginning  of  the  great  arteij' — imply  a 
certain  constriction,  or  dimlnuti<M)  of 
the  tut>e  at  this  part ;  and  wv  have  now 
to  show — that  such  a  contraction  of  tlis 
tube  at  this  precise  part  does  not  dimi- 
nish the  diameter  pf  the  oolumn  nt' 
bliiod.  This  appears  an  inconsiiteni'j  ; 
btit  if  a  stream  of  water  fiow  from  a 
cislem,  through  a  hole  in  that  cisinii. 
the  column  of  wBti>r  will  be  diminivhcl 
at  a  certain  point  of  iis  exit. 
Fig.  9. 


'K  liki  liuk  )»(>• 


■luXd'w^ 


wl  iIh  »> 


The  water  flowing  through  the  botlmn 
of  the  cislemmaylwrepresented  by  con- 
verging lines;  ami  ikeir  united  fon-ft 
impelling  the  stream  forward,  contract  it 
just  beyond  the  exit— the  Vena  Con- 
tracla.  Nature,  taking  advantage  of 
thb  law,  has  constnicted  the  narrow 
ring  which  we  have  shown  is  oeoesaiy 
to  the  accurate  adjustment  of  the  valve, 
at  the  precise  part  where  the  blood,  u- 
auing  trom  the  cavity  of  the  ventricle,  is 
necesaarily  contracted  to  the  smaUest 
tpaee.    Ihe  cdumn  of  Uood  wouU  be 
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contnKted  at  this  point,  even  if  there  were 
no  coats  of  Ihe  artery  to  confine  it  there. 
We  liHtl  thouKhl  of  this  as  a  thing 
intticat'^I  1iy  reasoning,  but  we  find  that 
t-n  rp))rnptiRte  e\periinent  has  been 
ni»JE  wliit'i  provpf  it. 
Fis- 


A  being  Ihe  side  of  B 
B  a  short  tube  giving  iuua  to  the 
water,  it  will  deliver  an  much  water  by 
this  conical  constnreled  mouth,  as  if  the 
tube  were  of  equal  diameter  with  the 
hole  in  the  reservoir.  The  reader  will 
perceive  how  satisfactorily  this  indicate* 
what  is  designed  by  the  difference  in 
Ihe  siie  of  we  mouth  of  the  ventricle 
which  gives  entrance,  and  that  which 
gives  issue  to  the  blood. 

With  a  view  to  explain  the  motion  of 

fluiiia  in  tubes,  and  hnally  the  motion  of 

Wy.  II. 


When  water  is  poured  out,  and  d«- 
scends  in  an  uninterrupted  stream,  the 
column  contracts  as  it  aeacends,  until  it 
has  acquired  such  a  velocity,  that  Ihe 
atmosphere  opposes  it  and  fcatters  it ; 
we  do  not  mean  the  contraction  illua- 
.  >ut  that  gradual  dimi- 
diameter  of  the  slream, 
owing  to  the  height  from  which  it  falls. 
We  apprehend  that  this  is  on  the  prin- 
ciple, that  falling  bodies  are  accelc' 
rated  as  the  square  root  of  the  height 
from  which  thty  falL  The  stream  being 
more  rapid  at  its  lower  part,  is  neces- 
aarily  smaller  in  diameter,  until  having 
acquired  conaidoroble  *elodty,  the  re- 
sislance  of  the  atmosphere  separates  its 
filaments,  and  it  becomes  broader  again. 
A  very  difibrent  appearance  is  re- 
sented in  a  jet  d'eau ;  twre  the  ascending 
stream  widens  as  it  qpcends.  'Hie  ex- 
planation  of  this  we  conceive  to  be,  that 
the  fluid  is  retarded  aa  it  mounts,  and 
that  the  stream  propelled  from  below 
is  forced  between  the  filaments*  of  the 
column  above,  and  disperses  them,  so 
as  to  give  the  column  a  conical  form. 

Fig.n. 
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the  blood  in  the  blood-vessels,  let  us 
consider  what  takes  (dace  in  the  motion 
of  the  column  of  water  which  is  not 
contained  in  a  tube. 


This  reservoir  will  be  emptied  more 
rapidly  if,  instead  of  a  hole  m  the  bot- 
tom at  A,  the  water  be  discharged  by  a 
tube,  A  B,  rf  the  diameter  of  the  hole. — 
Here  the  column  of  water  bang  per- 
pendicular, il  will  be  accelerated  at  its 
lower  part ;  but  instead  of  diminishing 
its  diameter,  as  it  would  do,  if  not  con- 
fined by  a  tube,  it  will  draw  an  addi- 
tional volume  of  water  down,  and  ac- 
celerate the  discharse. 

It  will  be  very  dinfereni  if  the  force  be 
altogether  from  beMnd,  as  when  water 
19  propelled  inlo  a  horizontal  tube. 

TTie  lube  A  being  conical,  will  dis- 
charge more  fiuid  from  the  reservoir  B 
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two  sections  at  B  taken  It^her,  wcm 
not  so  great  as  the  four  se^ons  al  C ; 
that  thcconjoined  diameters,  therefore.of 
the  branches  of  an  artery  were  greater 
than  the  diameters  of  the  arter;  itselL 
This  &ct  has  been  sonietimes  ezpresxeil 
bf  nying  that  the  artery  waa  a  cone 
with  its  apex  in  the  heart. 

When  we  stand  by  a  rapid  tiver,  we 
can  perceive  that  the  surfiice  of  it  is  not 
kvet  The  stream  is  ra(»d  in  the  middle, 
and  there  the  water  ii  highest.  The  fric- 
tion of  the  water  aeainst  the  bottom  and 
than  if  it  had  been  of  equal  length,  and  the  sides,  retardi  the  stream,  whilst  Uw 
its  diameto"  throughout  the  same  as  greater  veloo^  of  the  current  in  the 
at  its  commencement  Because,  as  it  centre,  draws  the  water  to  it,  which  is 
appears  to  us,  the  woght  of  the  de*  the  reason  of  its  elevation  thoe. 
acending  column  being  the  force,  and  For  the  same  reason,  if  an  engineer 
this  operating  as  a  via  a  tergo,  it  is  like  estimate  the  quantity  of  fluid  to  be  de 
the  water  propelled  from  the  let  d'eau,  livered  through  a  tube  without  esli- 
and  the  mdual  expansion  or  the  tube  matmg  the  friction  of  the  sides,  he  wiO 
permits  IM  *ti«tm  Eroro  behind  to  force  be  disappointed  in  the  result  of  his  cal- 
itself  between  the  fUaments,  and  dis-  cu1ation;ror,as  the  water  ofthe  riro-is 
P'rses  them,  without  producing  that  delayed  l>y  the  bottom  and  sides,  so 
preaaun  on  the  sides  of  the  tube,  which  is  lAe  fliud  in  the  tube  retarded,  by 
must  take  place  where  it  is  of  uniform 


great  pains  to  prove  that  the  artery  had 
■It  diameter  enlai^jed  as  it  proceeded 
from  the  heart,  ai^  that  the  areas  of 
the  branches  of  an  artery  were  greater 
than  the  diameter  of  the  parent  trunk. 

That  is  to  say,  the  aection  of  the 

trunk  at  A,  was  not  so  great  as  the  two 

sections  al  B,  taken  to^^her ;  that  (he 

f^.  H. 


the  attraction  or  fiietion  between  the 
water  and  the  tubb  And.  if  we  can 
imagine  a  section  representing  the  lul>e 
and  the  flowing  wider,  A  will  be  the 
solid  tube,  B  'he  water  retarded  or  ar- 
rested tiy  the  firiction  against  the  tube, 
and  the  space  C,  within  the  inner  circle, 
would  re^esent 'that  part  of  the  stream 
which  is  m  uninterrupted  flow.  The  en- 

S'neer  wiU  therefore  lay  a  tube  larger 
an  would  be  necessary,  were  thrte 
neither  attraction  nor  Inction  between 
the  solid  and  fluid.  It  must  farther 
appear  that  the  smalla-  the  calibre  of 
the  tube,  the  surface  of  attnction  or 
triction  will  be  proportionally  greater. 
Does  not  this  explain  the  anatomical 
fact  which  we  have  been  contemplating, 
that  the  area  of  the  smaller  branches 
is  comparBtivety  larger  than  the  trunk 
from  which  they  are  derived? 

Two  beneficial  efiects  resuH  from 
this ;  for  we  must  ob8<wa  Qai  the 
blood-vessels  of  the  tiody  are  r 
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u  well  ai  conduit-pipes.    A  man  of  If  a  jiijw  be  fixed  into  Knottier  so  ai 

middlbg  stature  has  33  lbs.  of  blood  in  to  join  it  at  an  aiiKle  contraiy  to  the 

his  circulating  vessels:    it  the   vessels  direction  of  the  stream,  the  Jischar^ 

did  not  enlarge  as  they  receded  from  the  inlo  that  lateral  branch  from  the  larger 

heart,  there  would  be  no  jjlace  for  the  tube  will  not  only  be   much  Biiia!ler 

deposit  of  this  great  quantity  of  blood,  than  we  might  estimate  by  the  diame- 

The  advantages,  then,  of  this  parti-  ters  of  the  tubes,  but,  in  certain  cw- 

eular  form  tn.Jirit.  that  a  quantity  of  cumstances,  it  will  discharge  nothing 

blood  necessary  to  the  economy  U  con-  at  ell ;  nay,  on  the  contrary,  the  water 

tainedwilhmlhe  vessels;  and,  ««condIy,  would  be  dr«wn  from  the  lesser  tube 

that  the  blood  is  more  easily  urged  for-  into  the  greater,  unhl  the  lesser  tube  be 

wards  by  the  action  of  the  heart     The  emptied,  and  ur  lie  sucked  in. 

reader  will  not  now  be  surprised  in  Bemouilli  found  that  when  a  small 

learmne,    that  a    [lipe    of   a   conical  tube  B  was  inserted  into  the  side  of  a 

form,  that  is,  enlarging  as  it  proceeds,  horitontal  conical  pipe  A,  in  which  Ihe 

gives  the  least  interruption  to  the  Sow  of  water  was  flowing  towards  the  wider 
water  from  a  reservoir. 

Water  flowing  in  a  tube  will  be  re-  FSg.  17. 
(arded  by  any  sudden  angle  in  the  tube. 
If  the  ajutage  of  a  jet  deau  have  not  a 
gentle   and   uniform  sweep  where  it  i> 
turned,  the  jet  of  water  will  not  reach 


KO  higher  fivm  the  tube  A  than  from  B. 
This  circumstance  explains  the  uniform 
and  parabolic  curve  which  the  great 
artery  of  the  body  takes  in  first  ascend- 
ing from  the  hearL  It  explains  also  why 
the  branches  of  the  great  artery  go  off 
at  different  angles,  according  to  their 
distance  from  the  heart,  or,  in  other 
words,  why  they  pass  off  at  smaller 
angles  with  the  stream  the  farther  the 
artery  recedes  from  the  heart. 

In  the  distribution  of  water-pipes,  it 
is  very  necessary  to  attend  to  tne  an^e 
at  which  Ihe  small  pipe  is  attached  to 
the  greater  one,  not  only  tiecause  a  jupe 
being  bent  abruptly  causes  loss  of 
motion  fiyjm  the  unpulie  of  the  fluid 
against  the  side,  but  alno  frxim  another 
mil  known  law  of  hydraulics 


end  C,  not  only  none  of  Ihe  waler  es 
caped  through  tlie  small  tube,  but  tlie 
water  from  a  vessel  placed  al  a  consi' 
derable  distance  tielow  was  drawn  up 
through  the  tube  3  into  the  pipe  A. 

With  these  facts  before  us,  we  turn 
with  interest  to  what  the  anatomist  loo 
oflen  contemplates  with  unconcern,  we 
mean  the  different  curves  in  the  branch- 
ing of  the  arteries  and  veins ;  for  by  this 
law  of  hydraulics,  the  junction  of  the 
brancties  and  trunks  of  the  arteries  and 
veins  uu^ht  to  be  different,  as  the  one 
vessel,  the  artt^ry,  carries  the  blood  out 
from  the  heart,  that  is,  from  trunk  to 
tiranch — and  the  other  vessel,  the  vein, 
carries  it  in  the  opposite  direction  to- 
wards the  heart,  or   from  branch  to 

And  in  matter  of  fact,  their  t)ranch- 
ings  areveiv  different,  and  characteristic 
ofltie  vessels.^  We  have  heardateacher 
of  anatomy  express  himself  in  this  man- 
ner. "  The  arteries  are  active  and  power- 
ful vessels,  which  carry  the  arterial 
blood  out  from  the  heart — and  they  le- 
G«ive  the  forcible  impetus  of  the  heart 
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\nu!tt  they  are  wounJed,  the  nun  bleeds 
(o  death  j—therrfore,  nalure  conveys 
these  vessels  into  Ihe  recesses  of  the 
body,  tnking  advanlaffe  of  every  pro- 
tecting bone — conveying  them  so  that 
the  bones  and  the  muscles  protect  them. 
There  are  no  iireRuIaritjes  in  their 
course,  and  llieir  branches  ^  off  at  a 
determined  angle,  and  never  nregnlarly ; 
but  Ihe  veins,"  he  would  continue,  "  are 
vessels  of  less  importance — they  convey 
the  blood  back  to  the  heart,  with  a 
bnguid  motion,  and  if  they  we  wounded 
llie  blood  flows  with  lo  diminished  a 
fbroe  that  you  can  atop  it  with  the 
pressure  of  your  finger;  accordingly, 
nature  is  more  negligent  of  them,  they 
run  in  all  their  courses  irregularly — 
some  deep,  some  superfvcially ;  and  their 
branches  join  their  trunks  with  awk- 
ward iiTtgular  curves  and  eltwws," 

This  is  in  good  feeling,  and  is  in  part 
true;  but  it  contains  somewhat  of  the 
error  which  runs  through  most  anato- 
mical discourses,  of  supposing  things 
are  irregulnr,  as  if  the  objecls  in  view 
were  inartificially  and  imperfectly  at 
tained.  From  inattention  lo  tlie  hydrau- 
lic principle,  he  seemed  not  to  have 
considereo.  that  the  conneclion  of  trunk 
end  branch  must  vary  according  lo  lh« 
direction  of  the  stream, — that  the  di- 
reclion  of  the  branch,  which  is  adapted 
lo  lead  the  stream  from  the  trunk  inlo 
llie  brnnch,  must  he  altered,  when  Ihe 
di"iisrn  is  lo  convey  the  fluid  from  Ihe 
liiiim'h  into  the  Irunk. 


anides.  We  may  illustrate  this,  by  ob- 
serving, that  if  we  could  suppose  Ihe 
vein  substituted  lor  Ihe  artery^,  aod  the 
artery  for  the  vein — if  Ihe  vein  cairied 
Ihe  blood  outwards,  instead  of  towards 
the  heart,  and  Ihe  artery  conveyed  tite 
blood  back  lo  the  hearl,  the  blood  could 
not  run  in  the  circle ;  it  would  be  re- 
tarded, and  congestion  would  take  [dace, 
somewhere  in  its  course. 

We  have  seen  by  Ihe  demonstralioD 
above,  that  if  Ihe  veins  of  the  human 
body  were  rigid  tubes,  and  if  a  bole  wen 
made  in  their  sides,  (ur  might  l>e  dnwo 
in,  instead  of  blood  flowing  out.  This  is 
a  matter  of  vital  consMjuence,  f<H'  if  a 
very  litlle  air  be  blown  into  the  veins  of 
an  animal,  it  dies  in  an  instant,  and 
there  1h  no  suffering  nor  strugeie,  nor 
any  stage  of  transition,  so  immedialdj 
does  the  stillness  of  death  take  posses- 
sion of  every  pirt  of  Ihe  frame. 

In  conversation  with  Napoleon's  ce- 
lebraled  surgeon.  Baron  Larrey,  on  the 
case  of  a  young  man  woundnl  in  the 
neck,  he  said  he  had  no  hesitation  in 
declsring  the  cause  of  death  to  be,  air 
drawn  in  by  Ihe  veins  of  the  neck,  and' 
lie  quoled  instances  occurring  at  Die 
battle  of  Wagram.  Tliese  circumatanees 
greatly  increase  the  interest  of  an  expe- 
riment inaile  by  I)r,  H:iny,  who  found 
that  on  inlrodurins  a  lube  inlo  the  vrin 
of  the  neck,  and  plAi^ins;  the  other  end 
of  the  tube  in  a  vessel  of  water,  the 
"  ater  rose  diuing  inspiration.  The  dif- 
fitndty  of  explaining  this,  arises  from 
those  veins  being  membraneous  lubfs, 
and  cdhsequently  compressible ;  but  in 
the  acl  of  inspiration,  not  only  are  Ihe 
ribs  and  breast- bone  niise<l,  but  the 
niiisi'les  of  the  neck  attached  to  Ihe 
cullar-bone  rise  fi^im  the  v«nt  of  the 

Fig.   19. 


The  reader  will  now  understand,  thai 
the  branch  of  the  artery  (_/^.  18,  A'o,  1.) 
gently  diverges  from  the  direction  of 
the  stream,  while  Ihe  branch  of  the  vein, 
in  ATo.  2,  enters  id)rupUy  and  at  right 


*^fjff 
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neck.  By  this  nwani,  inttead  of  siitfn-- 
ing  the  compression  of  the  incumhent 
partu,  the  atmospheric  pressure  is  taken 
off  the  veins,  they  are  brought  to  the 
condilim  of  rifpd  tubes  ;  and  the  prin- 
ciples ot  hydmulics  explain  the  rest. 
ThuB  fig.  1 9  is  a  resfrvoir  emptied  by 
a  perpendicular  tube,  into  which  a 
■mailer  tube  is  inserted.  The  water  de- 
acendinf;  by  the  larger  tube,  mil  draw 
the  water  up  throu^  the  lesser  tube,  ao 
■s  to  empty  the  i^ass,  in  which  its  lower 
end  is  immersed. 

We  thall  here  give  an  example  of  the 
manner  in  which  the  trunk  of  the  ab- 
sorbent system  joins  the  venous  system, 
a  circumstance  which  has  not  escaped 
the  notice  of  anatomists.  The  absorb- 
ing or  lymphatic  system,  consists  of  a 
set  of  vesseb  diffn^I  ftom  arteries  and 
veins,  which  imbibe  by  a  sort  of  capil' 
lary  attraction  at  their  extremities,  and 
convey  their  fluids  towards  the  centre, 
without  any  such  impulse  as  the  proper 
lilood-veisris  receive  from  the  heart. 
The  stream  in  the  trunk  of  this  vessel 
has  no  force  to  impel  it  into  the  stream 
of  blood  in  the  veins;  it  enters,  there- 
fore, in  this  mamier. 

A  \%  the  Inmk  of  this  system,  called 
(be  Ihoracic  duct,  B  is  the  great  jugu- 
Fig.  20. 


lar  vein  deseendii^  from  the  head,  and 
V.  the  great  vein  coming  from  the  arm. 
These  veini  join  at  an  angle,  and  the 
streams  from  them,  in  the  direction  of 
the  arrows,  leave  a  point  between  them 
at  D,  where  there  »  no  pressure  If 
two  tubes  enter  into  a  larger  tube  ob- 
liquely, and  the  water  be  flowing  from 
the  lesser  tubes  into  the  greater  one,  and 
if  m  hole  be  bored  at  the  angle  of  their 
anion,  the  water  will  not  escape  at  that 
bote.  Therefbre.  the  fluid  from  the  tho- 
racw  duct  A,  meets  with  no  impediment 
at  the  point  D ;  when  entered,  we  tuive 


seen,  by  a  former  diai;ram.  l-ow  the  at- 
traction of  the  more  foruible  stream 
will  draw  the  contiguous  fluid  after  it. 
By  this  contrivance,  if  we  may  use 
the  won!,  the  fluid  in  the  absorlung  sys- 
tem finds  access  to  the  red  blood,  ana  is 
carried  into  the  heart. 

We  might  continue  this  subject,  by 
considering  the  influence  of  respira- 
tion ou  the  circulation ;  but  we  shall 
pursue  the  enquiry  into  the  hydraulic 
principl'!s,  as  applicable  to  the  iircular 
tion,  independently  of  pneumatics. 

The  law  of  inertia,  which  is  of  eaiiy 
comprehension  as  it  regards  solids,  i* 
also  applicable  to  fluids ;  it  is  easier  to 
beep  a  column  of  water  in  a  pipe  in 
motion,  than  to  put  it  into  motion  from 
a  state  of  rest. 

In  a  forcing  pum^rVhen  tfler  ea^ 
movement  of  the  piston  the  column  of 
water  becomes  stabonaiy,  powar  is 
unnecessarily  lost  bv  bringing  the  co- 
lumn of  water,  whicn  is  in  this  state  of 
rest,  again  into  motion  ;  but  if  a  second 
blow  of  the  engine  be  ^ven  to  the  co- 
lumn of  water  whilst  it  is  yet  moving,  it 
is  found  to  t>e  more  easily  pressed  for- 
ward, and  no  part  of  the  force  is  lost 
in  urging  it  from  a  state  of  test  into 
motion.  This  is  evinced  in  the  contri- 
vances of  the  enpneer.  He  employs  two 
forcing  pumps  instead  of  one,  and  he  so 
applies  his  lever,  as  to  operate  alternately 
on  the  one  and  the  other ;  to  the  end 
that  the  water  in  the  pipe  may  be  kept  in 
uninterrupted  motion.  Let  us  apply  this 
principle  to  the  circulation  of  the  blood. 

If  the  heart  were  the  only  power 
forcing  on  the  blood,  there  woula  be  a 
cessation  of  motion  after  each  pulse  of 
the  heart,  and  therefore  a  great  part  of 
its  power  would  be  lost.  This  explains 
whv  there  is  a  power  in  the  artery  as 
well  as  In  the  heart.  The  artery  being 
muscular,  seconds  the  operations  of  the 
heart ;  its  muscularity,  and  the  muscu- 
larity of  the  heart  are  powers  exercised 
alternately,  and  which,  acting  like  the 
double  stroke  of  the  engine,  permit  no  in- 
terval to  the  motion  of  the  column  of 
blood.  It  the. heart  had  to  act  upon  m. 
column  of  blood  at  rest,  not  only  much 
of  its  force  would  b«  unnecessarily  e 


hausted,  but  it  would  be  excited  to 
pdan  inert  body,aiidadangeroi 
would  arise  from  the  resistwtc*^ 


shock 


If  we  pursue  this  subject,  and  inquire 
what  is  essential  lo  such  a  hydraulic 
machine  as  we  are  contemplating,  we 
shall  perceive  that  the  engineer  meets 
wiUi  a  dittou^r  "^  ■4to''''iS  tlx  powers 
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of  bU  tvo  pump*,  uid  find*  an  intannl, 
orpwiwiin  tbe  ii^iliaLlioii  of  IhdrfaraoL 


find  m  quality  in  Um  Uood-TCHdi  trindi 
■nnnn  fiM  faxpom  nraob  bttte.  M 
to  comprrtwni  ttua,  m  mutt  nhiTi 

llnl  lliiiwmiimi  111!  •man  — *ii'iV' 
cootriraaM  thm  thia  of  a  thM  poaf 


towyutlheai 


■  rftlMO 


■  Kbod)rararwbkli,faf  ik 
tarns  tbtoflee.  Tl»w« 


^  thn  coDTCf  fla  <M>i 
up  to  C,fayiiturii  nnMtli0airiiaa» 
pmMd.  Mu  ite  duticitr  tbantf  » 
cRMed,  tlMtdii^iei^  bcx«tad«riM 
iiitBTftl,iiid,Ktiagi)athemt(rC.nn- 
pel*  it  into  the  tubs  D  mmtmnfntt- 
Juit  nidi  iDdMlicpwpaftjfiipi^ 
Mwed  b^  tha  MteiM  1»  pMi 
attoy  whidi  mf  out  ton  ft*  IwiC 
-  we  twTB  bad  » 


r 

To  obriate  thia,  be  milue  tbree  cf- 
Imdeiii  flw  [natona  of  whieh  an  mored 

S»  mak,  whicb  ao  order*  the  dcaosit 
the  mttona  aa  to  fill  np  thia  intenal, 
*   -^   letrftbenitoiiaahaUbealw^ 
igi  and  uteae  pumps  pcopdbng 


ia  oapadoua,  and  is  Uia  moat  pofa^r 
elaatie  of  aity  IliiBS  in  natam  Hoi 
then  we  have  Iba  tbaas  uwa  vtifc 


ii 


S%ab 


the  watv  into  a  eomaun  tube,  tboe 
ia  no  inteiral  to  the  motioD  of  the  fluid 
throu|th  it. 

By  this  example  we  are  led  to  look 
for  something  corresponding  in  the  nut- 
Fig.  -It. 


wiginag  flada  naoeaaMy  to  a^  \ 
.  We  ban  tbe  alUnMta  aaligB 
_w  heart  sod  Ktaiy,aDd  we  fane  ■  | 
elaatieBy  wliieb,  tiwnM  paaaivab  is  »  I 
sHitial,  both  to  flw^lDna  flow  eflb  J 
blood.  If  fllliu[  up  Oa  inteval  ia  lb  1 
Mtiaa  of  the  nfo  poweaa,  sad  to  iht  , 
aalUyof  Am  en^  itedf;  brwifint  < 
this  eUaticitytttae  would  be  audi  a  jv  i 
ai  must  iiieedil;  destroy  the  mechaiunB.*   \ 

There  it  nothinc  more  admirsble  Ibia    I 
ttie  influence  of  this  elastic  power ;  it  i)   i 
)!re&tett  in  the  ooat*  of  the  arleiy  neaf   \ 
the  heart,  wesko'  in  the  coali  of  Ihii 
artery  u  it  recedes  from  the  heart ;  thit 
very  eviJently  declaic*  its  use :  twt  «t 
shall  take  a  more  sufficient  prout  al- 
though an  unhapiq'  one. 

As  life  advances,  the  arterial  sfslsB 
loses  much  of  its  dastkaty,  andbeemn 
rigid.  This  b  so  cotnnum  an  oees^  i 
rence  that  we  can  no  more  call  it  a  < 
disesse,  than  the  stifihied  jonta  of  sa 
old  man ;  it  is  the  forerunns'  or  &> 
accompaniment  of  the  decline  of  lifc' 


But  tlus  sometimes  takes  plsoe  too  taitf 

m  life,  and  to  an  extreme  dmee  ;  scd 

Is  efti»ts  we  must  call  a  mc 


for  it  not  unhrequcntly  luqtpena  that  tb*    ! 
muscular  power  of  the  hnrt  being  rtiU   - 
entire  and  vigorous,  tlM  arteries  cao  aa 
longer  sustam  iL    They  are  not  no* 
endowed  with  that  power  which.  yieMiig 

•  Bat  doealte  blood  Scr 


chinery  J   die   circulati  om™!™ 

no  third  active  power,  however ;  yet  we    i^mi 
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to  the  heart's  action,  resists,  and  recoils  doubtedly  instances  of  such  cooperation, 

the  more  it  yields  —  which  takes  off  but  it  is  in  vain  to  seek  the  explanation 

an  sudden  shock,  and  which  in  yield-  of  life  from  this ;  since  life  exists  in 

ing  wastes  no  power,  since  on  its  recoil  simple  and  uniform  substances,  where 

it  gives  as  much  force  to  the  accelera-  thereis  neither  construct  ion  nor  relation, 
tion  of  the  blood,  as  was  lost  of  the        Now,  although  there  are  mechanical 

heart's  action.    The  artery  then  becom-  construction  and  relation,  as  we  have 

ing  rigid,  yields  indeed  to  the  heart's  seen,  in  bones,  muscles,  and  tendons, 

impulse,  but  has  no  recoil.    It  is  per-  the  phenomena  of  the  body  result  from 

manently  dilated  or  enlarged.    It  is  now  a  dependance  established  among   the 

ealled  aneurismaL    A  stronger  impulse  living  properties,  not  the  mechanical. 

from  the  heart,  excited  by  inordinate  The  highest  medical  authorities  have 

action    or  passion,  chips  and   bursts  seen  reason  to  conclude  that  life  is  an 

the  now  rigid  coats  of  the  artery.  If  the  endowment,  not  resulting  from  organi- 

breach  tie  sudden,  it  is  death ;  if  it  be  zation  or  construction,  but,  on  the  con- 

{^radual,  a  pouch  forms — a  true  aneu-  trary,  producing  it ;  in  other   words, 

rism.    And  now  we  have  the  proof  we  that  the  living  principle  attracts  the  new 

require ;  for  this  bag  coming  to  press  matter,  arranges  it,  and,  in  order  to  its 

upon  the   solid   bones,   they   are  de-  continuance  and    perfection,   alters  it, 

stroyed.     That    action   of    the    heart  and  effects  a  continual  revolution  in  it. 

which  was  so  lightly  and  so  easily  borne  For  there  is  nothing  more  curious  than 

whilst  the  vesseb  were  elastic,  now  beat-  the  uninterrupted  and  rapid  change  of 

ing  upon  a  solid  structure,  in  a  short  the  material  of  the  animal  body,  from 

time  destroys  it.    Thus  we  are  led  to  a  the  first  pulse  of  life  to  the  last  breath 

more  acciu-ate  knowledge  of  the  fine  that  is  drawn ;  of  which  we  shall  give 

a4)ustment  of  the  active  and  resisting  abundant  proofs  before  we  close  this 

paroperties  in  the  circulating  vessels  du-  inouiry.  . 

ring  youth  and  health,  by  what  takes        in  first  approaching  the  subject  we 

place  on  a  very  slight  derangement  of  are  blinded  by  familiar  occurrences,  and 

those  powers.  cannot  comprehend  aU   the  links    by 

which  the  visible  phenomena  of   the 

Chaptsr  II.  living  body  are  produced.     Probably 

he  earried  too  far-    Peculiar  propei-  bf  »  necessary  consequence  of  life,  and 

Yi^Lifein  the  Body.    Thly%fer  ^!„T^.,:rl'1.„'".„^^"t^;K  ^^ 

-•_-.„./-•«•.     TK^,  k^.  ^^  ^M.,.t^^4  peasant  stirs  up  an  animal  v/ith  his 

wgiw/./y.    TheyhtneanaAuttment  '^^       j  .j  /^  ^  ^    ; 

toeadiother.moreadmirabUthmthe  ,^,i^ed  that  it  is  dead ;  and  such  is 

Mechamcal  connection.  the  experience  of  mankind.    We  do  not 

Ws  are  the  more  desirous  of  entering  reflect  that  many  different  qualities  of 

upon  this  subject,  that  we  may  prevent  the   living  powers  must  be  exercised 

the  reader  from  founding  a  false  conclu-  before  sensibility  is  shown  in  its  visible 

tionupon  the  very  modem  which  we  have  sign,  the  motion  of  the  creature.    It  is 

hitherto  proceeded,    that   of  showing  not  necessary  that  the  parts  shall  lock 

design  in  every  part  of  the  animal  struo-  into   each    other    like    the    cogs    of 

ture  by  taking  our  illustrations  from  wheels; — the   connections    established 

the  mechanism  of  the  body.  are   of   a    different   kind    altogether. 

When  we  have  admired  the  connee-  Each  part  possesses  a  property  of  life 

tions  of  the  several  parts,  or  organs,  entirely  distmct  from  the  other,  and  this 

thus  made  manifest  by  comparison  with  property  of  life  may  exist  in  the  indi- 

machinexy,  we  may  go  too  far,  and  say,  vidual  part  (for  a  time  at  least)  without 

that  die    material  structure  and  me-  that  cooperation  of  the  whole  which  is 

chsjMcal  relation  are  to  be  found  in  necessary  for  the  motions  of  the  animal, 
still  greater  minuteness  and  perfection        This  quality  of  hfe  is,  in  one  respect, 

m  the  finer  textures  of  the  body,  proceed  like  gravitation  in  matter ;  th»^ '" 

to  call  this  organization,  and  erroneously  the  mass  is  broken  ifi^jMH 

conclude,  that  out  of  organization  comes  vision  has  its  proportuS^OT 

Life.    The  very  term  organization  mis-  ment,  and  so  the  separated  pans  ui  a 

leads ;  yet  it  implies  something  eon-  living  creature  possess  hfe.  But  here  the 

struoted,  in  which  one  part  cooperates  resemblance  ceases;  gravitation  is  the 

with  another ;  but  nothing  more.    Tak-  same  quality  in  every  part,  and  uniform 

ing  the  body  as  a  whole,  there  areun-  in  its  effects,  whilst  the  life  is  exhibited 
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by  qualities  differing  in  every  part  of  sume  their  offices ; — the  last  in  the  train; 
the  animal  body.  Did  these  parts  only,  the  propeHv  of  the  muscle  to  con- 
possess  quaUties  exactly  similar,  they  tract  is  alone  oDserved  by  the  unin- 
would  remain  at  rest,  and  though  com-  formed,  and  voluntary  motion  is  the 
bined,  they  would  not  influence  each  token  of  entire  restoration, 
other.  It  is  the  different  powers  brought  We  can  imagine  a  half-learned  per- 
into  combination  that  produce  the  mo-  son  to  act  very  foolishly  in  the  attempt 
tion  of  the  whole  animal.  to  restore  the  apparently  drowned.    He 

If  a  man  fall  into  the  water,  and  is  has  been  told  that  we  mraw  in  vital  air, 
dragged  out  motionless,  and  has  ceased  and  breathe  out  vrhat  is  unfit  to  sup- 
to  Inreathe,  each  part  of  his  body  may  port  life ;  he  ima^rines  that  it  can  be  of 
still  possess  its  property  of  life.  Although  no  use  to  distend  the  lungs  of  the  drown- 
the  combinations  nave  been  destroyed,  ing  person  with  his  own  bresath,  and 
he  may  be  revived  by  exciting:  action  precious  time  is  lost  Whereas,  the 
in  some  part  of  his  system.  Life  still  mere  distension  of  the  chest,  that  is, 
remains  in  brain,  and  nerves,  and  heart,  of  the  lungs,  followed  by  the  compres- 
and  arteries,  and  in  the  muscles,  which  sionofthechest,andagambythedisten- 
should  enable  him  to  breathe ;  but  the  sion,  and  so  on  alternately,  is  the  play 
mutual  influence,  the  bond  of  thdr  uni-  of  the  lun^s,  which  by  sympathy  draws 
ted  operations,  is  broken.  We  may  the  heart  into  action,  and  in  succesaon 
take  the  analogy  of  a  machine,  and  all  the  vital  oigans.  This  is  not  what 
say  that  the  wheels  are  stopped;  but  this  chemistry  teaches  ;  chemistry  shows 
is  in  fact  a  very  different  thing ;  it  is  the  us  that  the  vital  air  influences  the  blood; 
operation  of  the  hving  influence  that  is  and  it  is  true  that  the  blood,  being  re- 
stopped;  for  we  repeat  that  nature  freshed  or  impregnated  with  the  vital 
(by  which,  of  course,  is  always  to  be  air,  renews  the  properties  of  life.  But 
understood  the  Author  of  Nature)  has  this  effect  on  the  blood  could  never  take 
combined  the  organs  not  mechanically,  place,  unless  there  were  some  previous 
but  by  properties  of  life.  consent  or  sympathy,  putting  the  or 

Artincial  respiration  draws  after  it  gans  into  operation.    We  repeat  that 

the  action  of  the  heart,  because  the  sen-  the  consent  of  orsrans  is  not  the  effect 

sibility  of  the  heart  is  made  respondent  of  mechanical   adaptation,   or  of  che- 

to  the  lungfs.     Pulsation  of  the  heart,  mical  action,  but  of  relation  establislu*^J 

excited  by  the  motion  of  the  lungs,  is  among  the  vital  properties, 

followed  by  the  action  of  the  arteries ;  If  a  man  be  struck  by  lightning,  lie 

these  origans   in    operation,    drive  the  has  not  merely  the  vital  operation  of 

blood   through  the   frame,  and  by  the  respiration  stopped,  as  in  the  case  of 

circulation   the   susceptibility   of    each  tlie  drowning  man,  in  whom  ever)'  or- 

part   to   impression,  which    had   been  gan  continues  to  possess  its  property  of 

weakened,  is  restored.    Action  and  re-  life ;  he  is  not  like  a  man  struck  on  the 

action  are  reestablished ;  but  these  ac-  head,  where  one  vital  organ  is  so  dis- 

tions  are  not  like^ those  of  a  machine,  turl)ed  that  the  circle  of  vital  actions  is 

they  are  living  properties  ,  sensibility  in  broken  ;  in  this  instance  the  electric  fire 

one  part,  contractility  in  another ;  and  passes  through  every  fibre  and  ever)' 

after   a  variety  of  these  internal  sensi-  oriran ;  all  the  qualities  of  life,  whether 

bihties  have  been  for  some  time  in  ope-  residing  in  the  brain,  nerve,  or  muscle, 

ration,  the  man  gives  outward  token  of  are  instantaneously  destroyed  ;   and  the 

recovery.  moment  of  death  is  the  commencement 

So  a  person  recovering  from  fainting,  of  dissolution, 
after  sobbing  and  irregular  breathing,  Mr.  John  Hunter  illustrated  tiiis 
haf  the  respiration  renewed  ;  in  succes-  Jiomewhat  familiarly.  If  you  tiruise  the 
sion  other  parts  recover  their  sensibility  head  of  an  eel,  its  body  writhes  ;  but  if 
and  resume  their  places  in  the  circle  of  it  be  taken  by  the  tail,  and  struck  on 
'.elations  ;  the  skin  is  capable  of  being  the  flag-stone,  so  that  eveiy  part  of  its 
stimulated,  and  the  limbs  are  capable  of  body  receives  the  shock,  then  all  the 
motion  ;  the  eyelids  are  opened  ;  by  and  parts  are  killed,  and  it  remains  motion- 
by  the  nerve  of  the  eye  is  sensible  to  less.  When  an  animal  is  killed  by  that 
hght,  and  the  nerve  of  the  ear  to  sound ;  violence  which  injures  one  important 
and,  finally,  the  faculties  of  the  mind  are  organ,  the  property  of  life  remains  fur 
roused,  and  its  control  over  the  body  u  certain  time  in  every  part ;  those  parts 
reestablished.  The  whole  separate  en-  have  no  correspondence,  and  there  is  no 
dowmentsoflife  in  the  different  parts  re.  outward  token  of  life;   but  the  vital 
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pnnciple  is  still  capable  of  exhibiting  one  from  part  to  part — ^no  trun  of  connection 
of  its  mo5<t  important  properties;  it  to  betracedas  fromthejackstone,or  the. 
arrests  the  operation  of  those  chemical  spring,  along  the  parts  of  the  machine, 
affinities  which  belong  to  dead  matter.  There  is,  therefore,  in  truth,  no  resem- 
Thus  the  reader  perceives,  that,  al-  blance  between  machinery  and  the  in- 
though  he  be  led  on  to  comprehend  fluences  in  operation  in  a  living  body, 
the  design  or  intention  manifested  in  the  What  is  to  be  admired  in  a  living 
structure  of  the  bod^  by  mechanical  in-  body  is  not  merely  the  adaptation  of 
stances,  or  comparisons,  it  is  when  we  bones,  muscles,  and  t^dons,  forming  a 
contemplate  the  influence  of  the  living  mechanical  apparatus,  but  rather  the  dif- 
principle,  that  we  have  a  higher  convic-  ferent  qualities  which  life  bestows  upon 
tion  of  the  Omnipotence,  which  has  different  parts  ;  these  qualities  put  the 
formed  every  creature,  and  eveiy  part  parts  into  relation  each  according  to  its 
of  each  creature,  with  that  appropnate  place  in  the  circle  of  the  economy ;  and 
endowment  of  life,  which  suits  it  to  act  among  innumerable  properties  of  life  in 
its  part  in  the  general  sjrstem.  the  individual  parts,  produce  that  perfect 

yfe  must  leun  to  distinguish  between  cooperation  as  if  one  principle  only  ac- 
the  death  of  the  animal,  and  the  death  tuated  the  whole, 
of  the  parts  of  the  animal — between  8^  When  a  person  moves  under  the  di- 
parent  death,  and  dissolution,  or  the  se-  rection  of  the  will,  nothing  can  be  more 
paration  of  that  quality  which  distin-  simple  to  our  understanding,  because 
guishes  living  matter.  weao  not  attempt  to  trace  the  bnks,  far 

Viewing^  the  subject  generally,  as  Mr.  less  to  estimate  the  powers  in  the  several 
Hunter  said,  there  are  not  two  kinds  of  parts  influenced  during  this  familiar  ac- 
matter,  but  two  conditions  of  matter.  It  tion.  But  if  there  be  the  slightest  dimi- 
is  at  one  moment  forming  beautiful  nution  of  sensibility  of  one  nerve  so  that 
combinations,  as  in  the  flower,  through  it  shall  not  transmit  sensation ;  or  if  there 
the  prindple  of  life,  and,  at  another,  it  be  any  disturbance  which  retards  in  the 
is  cast  away  as  noxious,  undergoing  least  degree  the  transmission  of  the  will 
changes  by  decomposition,  from  chemical  along  another  appropriate  nerve ;  if  the 
processes  solely.  The  want  of  combi  muscle  be  benumbed,  or  have  lost  its 
nation  in  the  whole  animal  body  exhibits  irritability;  if  the  action  of  the  blood- 
apparent  death.  The  loss  of  life  in  all  vessels  has  been  either  diminished  or 
the  parts  of  an  animal  body,  is  absolute  increased  beyond  their  ordinary  course, 
deatn,  and  the  material  becomes  sub-  either  in  the  organs  of  sense,  the  brain, 
jected  to  the  influence  of  the  chemical  or  nerves ;  we  are  appalled  by  the  conse- 
adfinities,  instead  of  being  urged  into  quences.  The  impressions  of  things  are 
motion  by  life.  not  felt ;  the  senses  are  unexercised  ;  the 

The  jackstone  produces  motion  in  one  limbs  remain  inactive  ;  one  half,  or  the 
part  of  a  machine ;  that,  varied  by  me-  whole,  of  the  body  is  a  load,  as  if  there 
chanical  influence,  is  communicatra  to  a  were  a  living  being  in  a  dead  body — a 
second ;  from  the  teeth  of  one  wheel  it  body  whose  parts  refuse 'their  office,  ap- 
is communicated  to  the  corresponding  pearing  dead  though  they  are  not  so.  The 
leaves  of  the  pinions,  and  mm  the  correspondence  of  their  living  qualities 
pinions  to  the  fusees.  But  what  a  base  has  alone  been  disturbed ;  the  move- 
notion  it  is  to  suppose  that  the  mere  ment  which  results  from  the  whole  is 
property  of  weight  in  the  jackstone  is  stopped,  and  there  is  apparent  death, 
like  the  influence  of  life  I  what  confusion  then  must  be  engen- 

The  weight  is  the  power,  in  the  Ian-  dered  in  the  minds  of  those  who  would 
guage  of  mechanicians ;  but  it  does  not  confound  the  phenomena  of  life,  as  pre- 
reside  in  the  parts  of  a  machine,  nor  does  sented  in  the  entire  framework  of  the 
it  exhibit  different  qualifications  in  body,withthose  separate  qualities  of  life, 
these  parts.  Separate  them,  and  they  are  which,  residing  in  the  several  parts, 
nothing.  On  the  contrary,  no  one  part  must  enter  into  combination  for  the  mo- 
of  an  animal  body  is  in  this  manner  de-  tion  of  the  whole  !  The  next  step  of  this 
pendant  on  another  for  its  property  of  unphilosophical  manner  of  treating  the 
tife.  The  property  is  inherent  in  the  subject,  is  to  make  the  organization  the 
part  itself,  ana  tlie  wonderful  thnig  is  source  of  the  living  property, — as  if  any 
that  each  property  in  the  several  organs  combination  of  organs  could  produce 
coTTCsponds  with  the  others,  so  as  to  life. — as  if  those  organs  could  have 
form  a  circle  of  vital  operations.  There  motion  without  the  distinct  endowments 
is  no  transmission  of  power,  in  all  this,     of  life  in  their  separate  parts, — as  if 
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Ihcy  coopenteH  mechtinically,  nnd  not  J 

from  the  correfipo''d^'^^  among  their 
Uving  properties.  Tliose  who  thui  rea- 
son mean  to  say,  that  pirti  are  made 
M)  finely  as  to  move  of  themselves,  one 
part  propeUing  another,  and  the  motion 
of  the  whole  producing  life.  It  is  qnite 
clear  that  this  confusion  of  ideas  arites 
from  contemplntinE  the  phenomena  of 
the  perfect  animal,  in  which  all  interme^ 
diate  influences  are  confounded.  On  the 
other  hand  ve  present  this  propositian. 

The  several  ttmple  substances  of  a 
living  body  have  each  an  endowment  of 
life  besloned  upon  them.  T^t  us  take 
the  obvious  qualities,  of  sensibility— the 
potrer  of  transmission  — and  the  power 
of  motion ;  each  of  which  is  appro- 
priate to  a  particular  substance.  When 
these  qualities  are  put  in  relation,  im- 
pressions may    produce    motion,   and 

thus  there  are  three  distinct  properties  Wemay  describe  the  heart  as  conaixt- 
of  life  brought  into  operation.  Where  ingoftnoCBvi(ies,theoneca11edthe.fi(- 
is  the  or^nization  or  construction  ride,  and  the  other  the  VattricU.  The 
here?  Without  those  living  endow-  sinus  A(f^  .23)  receives  tlie  blood  return- 
ments  these  parts  would  be  inopem-  ingbythe veins,andgraduallyfiiling,hke 
five,  in  whatever  juxta-poailion  placed.  aGistem,it becomessodistended.thatits 
The  mechanical  construction  of  the  muscular  power  is  excited  ;  it  contracts. 
body  in  one  thing:  and  we  are  able  to  and  delivers  the  blood  with  a  sudden 
admire  it,  because  it  can  be  illustrated  by  impetus  into  the  second  cavity,  or  the 
comparison  with  our  own  contrivances;  ventricle II ;  which, in  itslum, excited l)y 
'  the  combination  of  living  properties  is  the  distension,  contracts,  and  propels 
another  and  an  entirely  diiFerent  thing.       the  blood  into  the  artery  C.     Here  ihe 

We  herereachthe  limit  ofphilosophi-  action  of  the  hsart  is  accounted  for. 
cb]  inquiry.  Hitherto  all  has  been  flat-  by  its  mechanical  distension  njth  the 
lering  lo  the  pride  of  the  creature ;  but  blood ;  and  the  regularity  of  its  mo- 
we  rauBt  now  humbly  acknowledge  the  tions  necessarily  corresponds  with  the 
inscrutable  ways  of  the  Creator ;  and  regularity  of  the  supply.  The  distension 
erasing  to  trace  the  origin  o(  life,  more  produces  action,  and  Ihe  propulsion  of 
edolhatofgravitalion,weshould    ihe  blood  from  the  cavity  allows 


occupied  in  observing  its  laws,  not  in 
exploring  its  source. 

We  shall  take'an  instance  to  illus- 
trate the  difference  betwixl  the  mecha- 
nical connection  of  parli,  and  their  re- 
lations through  Ihe  living  properties. 
And  it  will,atthe  same  time,  show  how 
curiously  the  living  properties  and  Ihe 
mechanical  properties  are  made  to  cor- 
respond with  each  other. 

A  stream  of  water  is  converted  into  a    cordi 


lentaiT  staleofrest,  until  an.ither  vo- 
lume of  the  blood  excites  another  pulse. 
"   ■  ■  '     observe,  thai 


when  this  irritability  or  muscular  power 
WHS  bestowed  upon  the  heart,  it  was 
directed  by  a  law  entirely  different  from 
the  irritability,  as  possessed  by  other 
muscles.  A  property  of  allcmale  acti- 
vity and  rest  was  given  to  it,  quite  itnhke 
the  contractility  of  other  parts ;  and  ac- 
— j: — 1..  —iigj,  )),p  heart  is  empty,  when 


mechanical   power;    it   fills  a  cistern,  there  is  no  distension  of  blood  at  all, 

which  ia  attached  lo  a  lever  ;  the  cistern  the  two  cavities  will  continue  their  al- 

descends  by  the  weight  of  water ;  by  its  lemale  action.     Nay,  if  Ihe  heart  be 

descent  a  valve   is   pushed  open;   the  taken  from  Ihe  animal  recently  dead,  it 

water  escapes,  and  the  cistern  ascends,  will  continue  to  act  in  regular 


and  remains  so,  till  the  stream  ftowini; 
into  it  again,  depresses  it.  Thus  Ihe 
rejjularily  of  the  supply  of  water  gives 
regul^ii'ity  of  motion  to  Ihe  macliine. 
Compare  this  with  the  hciirl. 


pulses,  first  the  one  cavity,  and  ihen 
Hie  other,  and  so  on  suceessively  for  a 
Ions  lime,  until  the  life  t«  quite  ex- 
hausted. The  two  cavities  will  thus  con- 
tinue in  alternate  action,  as  if  they  were 
employed  in  the  office  of  propelhng  the 
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blood,  when  there  is  no  blood  contained  that  nothing  less  than  the  principle  of 

within  them.     It  is  superfluous  to  ob-  life  itself  can  work  such  wonders,  and 

serve,  that  no  such  thing  could  happen  that  g^alvanism  is  this  principle, 

in  the  case  of  the  cistern  and  lever,  were  Putting  aside  the    circumstance  al- 

the  stream  of  water  to  cease  running.  ready  stated,  of  life  exhibiting    totally 

Tl)us  we  distinguish  two  things  quite  difiPerent  phenomena  in  union  with  da- 
different,  a  mechanical  or  hydraulic  pro-  ferent  parts,  is  there  any  point  of  resem- 
vision,  by  which  these  little  cisterns,  the  blance  between  galvanism  and  life  ? 
auricle  and  ventricle,  shall  be  regularly  Does  tying  the  nerve  stop  the  influence 
supplied,  and  alternately  filled  and  emp-  of  galvanism,  as  it  does  the  influence 
tied — and  the  property  of  contraction  m  of  ufe  ?  Does  galvanism  course  along  a 
the  heart ;  not  a  mere  property  of  con-  cord  when  it  is  surrounded  by  matter  in 
traction  from  irritation,  as  in  the  other  contact  with  it  of  .the  same  nature? 
muscles,  but  a  property  far  more  admi-  Can  life  pass  out  of  one  body  into 
rable,  since  the  irritability  or  power  of  another,  like  heat,  or  electricity,  or  gal- 
contraction  of  the  part,  is  ordered  with  vanism  ?  Can  thia/  be  contained  by  a 
a  reference  to  its  office — that  it  shall  con-  thin  membrane  ?  Does  Ufe  pass  equally 
tract  and  relax  in  regular  and  rapid  sue-  through  all  the  parts  of  a  moist  animal 
cession,  and  continue  its  office  unwea-  body  as  one  uniform  influence,  like  gal- 
tiedly  throu&:h  a  long  life.    The  living  vanism  ? 

property  of  the  heart  exhibits  a  variety  In  no  circumstance  is  there  a  resem- 

adapted  to  its  office,  and  a  correspond-  blance,  and  the  whole  phenomena  re- 

ence  still  more  admirable  than  the  me  suiting   from    galvanism    transmitted 

chanical  relation.  through  an  animal  apparently  dead,  are 

We  are  thus  particular  in  distinguish-  fairly  to  be  attributed  to  its  being  a  hi^h 

ing  the  mechanical  adaptation  of  parts,  stimulus  conveyed  through  the   moist 

from  the  cooperation  of  the  vital  mflu  animal  body,  and  exciting  the  powers 

encet  residing  in  the  several  parts ;  for  which  remain  insulated  in  the  several 

there  are  many  who  will  take  the  illus-  parts ;  and  in  exciting  those  forces,  far 

tration  from  mechanics,  and  stop  their  from  renewing  them,  it  exhausts  them 

inquiry  there,  and  who  entertain  a  cott-  altogether. 

fused  notion  of  the  dependance  of  the  T%e  uses  made  of  galvanism  in  the 

life  of  the  body  on  its  mechanisoL  explanation  of  the  living  phenomena. 

Another  mistake,  which  some  philo-  should  make  sensible  men  very  cautious 

sophical  inquirers  entertain,  is  to  fancy  how  they  carry  the  legitimate  inductions 

that  the  principle  of  life  is  of  a  galvanic  of  chemical  science  into  another  depart- 

nature.    There  is  indeed  an  unwilling-  ment    They  will  not  submit  to  call  the 

ness  in  men  to  acknowledge  that  their  irritability  or  cont motility  of  a  muscle  an 

powers  of  reason  are  exhausted,  and  that  endowment  of  life,  but  seek  to  explain 

they  have  arrived  at  an  ultimate  stage  ;  it  by  organization.    They  employ  the 

they  would  fain  set  up  some  contrivance  microscope ;  they  find  the  ultimate  fibre 

to  hide  the  humiliating  truth.  Whatever  to  be  some   thousandth    part    of    an 

notions  have  prevailed  in  the  schools  at  inch  in  breadth ;  they  see  phcse  or  folds ; 

different  epochs,  of  heat,  dectricity,  or  they  imagine  them  to  be  cells  into  which 

galvanism,  we  find  an  attempt  to  explain  the  fibres  are  divided ;  they  furnish  these 

the  phenomena  of  life  by  anapphcation  cells  with  two  different  gases,  and  ex— 

of  tne  powers,  with  wmch  they  have  plode  them  by  some  galvanic  influence 

been  successful  in  their  physical  inqui-  of  the  nerves  ;   and  the  explosion  by 

ries.    Experiments  without  reason  are  dilating  the  cells  in  one  direction,  causes 

equally  delusive  with  hypotheses;  those  the  contraction  in  another.    This  is  the 

who  will  not  eive  themsdves  the  labour  theory  of  muscular  action  at  the  period 

of  thought,  desire  to  witness  striking  of  the  discovery  of  the  gases  ;  and  some 

phenomena;  wonder-struck,  they  believe  such  idle  hypothesis,  supposed  applica- 

that  they  are  engaged  in  experimental  ble  to  the  laws  of  life,  accompanies  every 

investigation,  when  their  state  of  mind  b  considerable  improvement  in  chemistry, 

little  letter  than  idle  amazement    A  In  the  most  modem  and  the  most 

calf's  head  is  made  to  yawn,  or  a  man  popular  French  work  on   Physiology, 

cut  down  from  the  gallows  to  move  by  Mons.  Richerand,  he  says,  "  What 

like  a  figure  of  cards  pulled  with  strings  ;  appears  to  me  by  much  the  most  inge- 

the  jaws  move,  and  the  eyes  roll,  and  nious  opinion,  and  which  carries  with  it 

this  is  done  by  conveying  ttie  gajvanic  the  'greatest  probability,  is  that  which 

shock  tot  he  nerves ;  here  it  is  supposed  supposes  the  contraction  of  the  muscle 
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to  depend  on  the  combinaiion  of  hydro-  skin  p«in»  the  internal  parts  are  totally 
f^en,  carbon  and  azote,  and  other  eom-  insensible.  And  it  is  equally  certain,  that 
bustible  substances  which  exist  in  the  though  the  nerves,  the  instruments  of 
fleshy  fibre,  with  the  oxygen  conveyed  sensation,  are  incapable  of  orodudng 
to  them  through  the  arteries."  But  he  any  perception  without  the  brain,  yet 
adds, 'as  if  he  had  perfected  the  theory,*  the  brain  itselt  the  part  which  b  the 
*'  it  is  also  necessary  to  suppose,  that  a  seat  of  intellect,  and  to  which  every  im- 
nervous  fluid  is  dlirected  tnrough  the  pression  must  l>e  referred  l)efore  we  be- 
muscle  to  determine  the  decomposition,  come  conscious  of  it,  is  itsdf  as  insen- 
as  the  electric  spark  Ibnns  wako'  out  of  sible  as  leather.  These  considerations 
two  gases.**  diow  us  that  sen»bility  to  pain,  is  not 
Such  is  the  chemical  theory  of  mus-  a  necessary  result  of  bfe,  and  they  na- 
cular  motion ;  it  betrays  an  entire  mis-  turally  lead  to  the  inquiry  for  what  pur- 
understanding  of  the  phenomena  of  pose  is  sensibility  bestowed,  and  how  is 
muscular  motion,  and  of  the  beautiful  it  distributed  in  the  body  ? 
provision  in  every  muscle  for  its  ap-  We  have  first  to  show  that  the  skin 
propriate  office.  The  muscles,  which  has  sensibilities  exactly  suited  to  the 
are  subservient  to  the  omns  of  sense,  functions  it  has  to  perform.  Science  no 
differ  in  their  operations  aSogether  from  doubt  informs  us»  that  warmth  and  cold 
the  voluntary  muscies  of  the  limbs,  are  only  rdative  de|;;rees  of  heat ;  to  the 
The  hollow  muscles,  as  thev  are  termed,  skin  they  are  distmct  sensations,  and 
those  which  cany  down  tne  food,  and  excite  in  diflerent  ways  both  the  mind 
which  cany  round  the  blood  in  cireu-  and  the  bodily  fbnctions.  Cold  braces 
lation,  vary  in  their  time  and  manner  of  and  animates  to  exertion,  whilst  the 
acting  according  to  their  offices;  but  warmth  which  is  pleasant  to  us,  is  genial 
what  conception  can  he  have  of  such  to  all  the  operations  of  the  animal  eco* 
adjustment  of  powers,  who  is  entertain-  nomy.  Their  alternations  are  the  most 
ing  himself  witn  a  theory,  that  supposes  constant  sources  of  our  enjoyment,  and 
a  sudden  explosion  to  take  place  in  the  at  the  same  time  conduce  to  exertion 
fibres  of  the  muscle  at  their  time  of  ac-  and  to  health.  All  this,  however,  be- 
tion?  Inductive  reasoning,  which  has  longs  to  the  skin  exclusivdy:  parts 
earned  men  to  the  highest  acquirements  internal,  although  peculiarly  sensible 
in  physical  science,  is  here  laid  aside  ;  to  their  proper  stimulus,  give  no  in- 
conjectures  totally  inconsistent  with  the  dication  of  sensibility  to  heat ;  if  there 
phenomena  of  life  are  employed  in  its  be  internal  sensations  of  heat,  they 
stead ;  and  the  usefiil  philosopher  be-  are  morbid  and  deceptions.  Molten 
comes  a  very  indifferent  physiologist.  lead  would  produce    pain    and  dei^ 

being  poured  into  the  interior  of  Uie 
body,  but  the  sensation  of  burning  is  a 

ChaptbrIII.  property  of  the  sur&oe  only.  It  is  the  ex- 
cess of  that  particular  sensation,  which 

0/  Sensibility.  is  calculated,  like  the  other  endowments 

of  the  skin,  to  suit  the  medium  in  which 

Under  this  head  are   comprehended,  we  live,  and  to  force  us  to  the  regulation 

not  any  sentiment  or  feeling  of  the  mind,  of  the  temperature  necessary  to  pre- 

'but  the  sensations  of  the  body.  serve  life. 

We  form  our  notions  of  sensibility  Touch,  or  the  sensibility  to  bodies  press- 
from  that  of  the  skin  ;  and  it  is  no  ed  upon  the  skin,  is  likewise  a  distinct 
doubt  necessary  that  we  should  do  so.  and  appropriate  sense.  The  sensibUity  of 
It  is  in  constant  communication  with  the  skin  to  pricking,  cutting,  or  tearing, 
things  around  us,  and  affected  by  their  is  also  in  curious  contrast  with  the  sen- 
qualities  ;  it  affords  us  information,  sibility  of  the  solid  internal  textures,  as 
which  corrects  the  notions  received  from  bone,  cartilage,  and  ligament.  We  have 
the  other  organs  of  sense,  and  it  excites  arrived  at  the  full  comprehension  of  this 
our  attention  to  preserve  our  bodies  subject  very  slowly.  Disameable  ex- 
from  injury.  We  are  so  familiar  with  periments  have  been  made/but  the  fol- 
thepainful  effects  of  injuries  upon  the  lowing  is  as  interesting  as  it  was  inno- 
surmce,  that  there  is  nobody  who  does  cently  performed.  A  man  who  had  his 
not  imagine  that  the  deeper  the  injury,  finger  torn  off,  so  as  to  hang  by  the  ten- 
the  more  dreadful  the  pain.  But,  on  the  don  onV,  came  to  a  pupil  of  Dr.  Hunter, 
contrary,  it  is  a  well-established  fact,  "  I  shall  now  see,"  said  the  surgeon, 
that  to  such  irritants  as  would  give  the  "  whether  this  man  has  any  sensibibty  in 
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his  tendon/     He  laid  a  cord  along  the  The  observation  of  the  admirable  Har- 

finger,  and,  blindfolding?  the  patient,  cut  vey,  the  discoverer  of  the  circulation 

across  the   tendon.      "  Tell   me,'*  he  of  the  blood,  is  to  this  effect.    A  noble 

asked,    *•  what  I   have  cut    across  ?"  youth  of  the  family  of    Montgomer>% 

•*  Why,  you  hav6  cut  across  the  cord,  to  from  a  fall  and  consequent  abscess  on 

be  sure/'  was  the  answer.  By  such  ex-  the  side  of  the  chest,  had  the  interior 

periments  it  became  very  manifest,  that  marvellously   exposed,    so    that    after 

bone,  gristle,  and  ligament,  were  insen-  his  cure,  on  his  return  from  his  tra- 

sible  to  pricking,  cutting,  and  burning.  vels,Jhe  heart  and  lungs  were  still  visible 

Were  they,  therefore,  insensible  ?   The  and  could   be   handted;  which  when 

reader  win  answer — Surely,  it  is  a  matter  it  was  communicated  to  Charles  I.,  he 

proved.    But  before  we  finally  decide,  expressed  a  desire  that  Harvey  should 

let  us  take  this  into  consideration, — ^that  be  permitted  to  see  the  youth  and  ex- 

the  sensibilities  of  the  body  ditler  in  amme  his  heart.    "  When,"  says  Har- 

kind  as  well  as  in  degree ;  and  every  part  vey,  "  I  had  paid  mv  respects  to  this 

lias  its  peculiar  kind,  as  well  as  its  de-  younj^  nobleman,  and  conveyed  to  him 

gree ;  and  every  part  has  its  kind  of  sen-  th.e  kmg's  request,  he  made  no  conceal- 

sihilitv  with  reference  to  its  function,  ment,  but  exposed  the  left  side  of  his 

and  also  with  reference  to  its  protection  breast,  wtien  I  saw  a  canity  into  which 

from  violence.     If  the  membranes  be-  I  could  introduce  my  fingers  and  thumb; 

tween  the  bones  of  our  great  joints,  or  astonished  with  the  novelty,  again  and 

the  cords  which  knit,  the  bones,  were  again  I  explored  the  wound,  and  first 

sensible  in  the  same  manner  and  degree  marvelling  at  the  extraordinary  nature 

with  the  skin,  we  should  be  incapable  of  the  cure,  I  set  about  the  examination 

of  motion,  an.1  screwed  to  our  seats ;  as  of  the  heart    Taking  it  in  one  hand 

the  man  appears  to  be  who  has  a  violent  and  placing  the  finger  of  the  other  on 

attack  of  acute  rheumatism.  the  pulse  at  the  wrist,  I  satisfied  myself 

But  although  these  bones  and  carti-  that  it  was  indeed  the  heart  which  I 
lages,  or  gristles,  and  ligaments,  be  not  grasped.  I  then  brought  him  to  the 
sensible  as  the  skin,  or  the  surface  of  king  that  he  might  behold  and  touch  so 
the  eye,  they  possess  that  which  is  suited  extraordinary  a  thing,  and  that  he  might 
to  their  condition,  which  permits  their  perceive,  as  I  did,  that  unless  when  we 
free  use,  and  yet  limits  that  too  firee  ex-  touched  the  outer  skin,  or  when  he  saw 
ercise  which  would  be  injurious  to  their  our  fingers  in  the  cavity,  this  young 
textures,  or  raise  inflammation  in  them,  nobleman  knew  not  that  we  touched 
The  ligaments  and  tendons,  then,  which  the  heart  !**  Other  observations  confirm 
are  insensible  to  pricking,  cutting,  and  this  great  authority,  and  the  heart  is 
burning,  are  sensible,  nevertheless,  to  declared  insensible.  Andyetthe'opinions 
shretching  and  tearing  I  It  is  remarkable  of  mankind  must  not  be  lightly  con- 
tlut  such  men  as  Dr.  Hunter  and  Haller,  demned.  Not  only  does  every  emotion 
the  luminaries  of  their  science,  should  of  the  mind  affect  the  heart,  but  every 
have  hdd  the  opinion  that  the  bone  and  change  in  the  condition  of  the  body  is 
the  membrane  which  covers  it  (the  peri-  attendetl  with  a  corresponding  change 
osteum),  the  gristles  or  cartilages,  the  in  the  heast :  motion  during  tiealth 
figments  of  joints,  and  the  tendons  of  the  influence  of  disease — every  passing 
muscles  were  insensible  parts,  and  yet  thought  will  influence  it.  Here  is  the 
be  in  daily  attendance  on  those  who  distinction  manifested.  The  sensibility 
suiRgr  the  pain  of  a  sprained  ankle,  of  Uie  skin  is  for  a  purpose,  and  so  is 
where  there  are  no  pcuts  to  suffer  but  the  sensibility  of  the  heart.  Whilst  the 
those  enumerated,  and  where  the  pain,  skin  informs  us  of  the  qualities  of  the 
excessive  in  degree,  was  felt  in  the  in-  external  world  and  guards  us  against 
stant  of  the  sprain..  These  considera-  injury  from  without,  the  hcai-t,  insensible 
tions  explain  to  us  thatpain  is  the  safe-  to  touch,  is  yet  alive  to  every  variation 
guard  of  the  body,  lliis  capacity  of  in  the  constitutional  powers,  and  subject 
conveying  painful  impressions  to  the  to  change  from  every  internal  influence, 
mind  is  not  given  superfluously  to  all  There  is  in  the  several  organs  of 
parts ;  on  the  contrary  tlie  ssife  exercise  the  body,  as  it  were,  a  distinct  life ;  that 
and  the  enjoyment  of  every  part  is  is,  they  possess  sensibility,  the  grand  en- 
permitted  without  alloy,  and  only  the  dowment  of  life,  necessary  to  tiieir  con- 
excess  restrained.  dition  and  adapted  to  their  appropriate 

This  subject  is  finely  illustrated  by  stimulus.    The  impressions  made  upon 

ttfe  apparent  insensibility  of  the  heart  them  will  soii:etimcs  rouse  them  intu 
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muiclea   into    action    cMmtisl  put  of  the  inibtuiwnt  of  roin ;' 
uj  to  their  funetiana    they,  at  the  suae  time,  guard  the  lungs 


or  for  th«r  protection ;  and  thia  oRen-    from  uijttiy. 
limci  without  reference  to  the  oiind  at 
dUand  conaeqnenQjr  without  our  con- 


pututpn  we  hare  the  moat  agreeable 
ezain[de  of  thii  in  the  e^  ThAt  organ 
faaa  heen  aelected,  in  the  PreUmbiaiy 
Diaeourae  of  the  Objecta  and  Fleaaurei 
orS<»eDee.  aa  ahowmg  how  mechaiueal 
adTantage  ia  taken  in  the  arrai^jcment 
of  the  mnaelet  to  jnduee  Telodtf  of 
motement  in  gnarduv  the  eye.  But  thia 
fine  medianiam  wouldbe  loatiftbeex> 
citcmeni  depended  on  our  will,— if  Uiere 
were  not  a  aennUUtj  appropriate  to  the 
action,  sad  aa  influence  quicker  thu 
thought  Itianotbyfcelinglhe--^--' 
the  otfenaiTe  boi^,  or  bf 


the  tye  to  aTtrid  iquriM.  lliia 
'  an  operation  a&  too  alow  for 
Jed  puqioae :  and  therefore  the 
poaaeanng  these  ezlraordinarji 
■,  are  put  in  rdation  with  a 
diW  nu>re  admirable  atilL  Bo  when 


ainri 
a  light  fordgn  bodr  touches  the  ejre- 
laahea,  thn  give  alu-m,  and  caoae  a 
motian  both  of  the  eyelidi  and  ey^all 
quicker  than  thought.  The  efelaahee, 
iFBtcd  an  tile  lender  extremities  of  len- 
silive  nerves,  preserve  the  eye  in  two 
wBjs — by  guanling  its  interior  from 
the  InteraJ  liglit,  and  by  exciting  the 
motion  of  the  eyelids,  even  befbn  the 
olFensive  body  can  touch  the  eye'i  RUT- 

We  may  take  another  illustration  to 
show  how  sensibility,  one  of  the  endow- 
ments of  the  living  part,  is  adapted  to 
the  mechanical  orgnniiation,  and  with 
an  appropriation  more  admirable  than 
the  mechanism.  When  we  apeak  ofthe 
sensibility  of  the  skin,  it  is  still  possible 
to  miaconct'lve  its  nature,  and  to  sup- 
pose it  accident  merely ;  but  in  the  in- 
stance  lo  be  adduced,  the  sensibility  is 
dil&rent,  and  it  is  put  in  connection 
with  B  hundred  muscles ;  without  this 
high  and  peculiar  sensibility,  and  its 
multiplied  relations  to  muscles,  inde- 
|fendent  of  volition,  the  mechanism  we 
nre   atwut  to  de«cnbe  would  be  quite 

The  top  of  the  windpipe  is  called  the 
larynx,  and  consists  of  live  elastic  car- 
tilagei.  Tliese  do  not  merely  keep  the 
aides  of  the  windpipe  apart,  and  thepas- 
aage  for  the  Invath  S-ee,  but  they  per- 
form offices  important  to  the  economy 
"tth  of  body  and  mind;  they  are  an 


of  tbeoarti'agei  of  thelaiynx,     ._  

we  IM  pn^Mtinc  on  the  fore  part  of 
the  throat,  called  thefWMM  iKfaM,  (A.) 
It  t«  a  protection  to  the  floa  apparatua 
bdrind  it,  and  indead  thia  is  tha  reaaca 
of  ita  name.  {Kit^brm,  Wn  a  riuddj 
Witlun  the  thyrtud  rfaad  the  ar^UmoU 
eaitilagaa,  (B.)     This  ealtilage  ia  of  an 


irregular  triangular  form.  It  is  socketed 
or  articulated  on  the  cartilage  below,  and 
is  perfectly  movablfc  To  ttw  comet 
which  projects  forwards  theligament(B) 
is  fixed,  and  to  ita  other  sides  five  little 
muscles  are  aitached ;  these  muscles,  t>y 
moving  the  cartilage,  dtaw  and  vai; 
the  position  ofthe  ligament  It  ia  these 
cartQages  and  this  ligamont,  whid),  vi- 
brating in  the  stream  of  air,  give  the 
tremor,  and  rocalise  the  brawi ;  the 
tones  so  produced  are  aitioulated   in 

This  is  a  subject  far  from  being  ex- 
hausted in  our  philosophical  works,  and 
may  call  for  observation  afterwanl*  ; 
but  at  present  we  may  look  on  IheM 
ligaments,  not  aa  the  oord^e  voeaUt,  hut 
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in  another  of  their  offices— forming  the  The  sensibility  seated  in  a  spot  of  the 
slit  which  opens  and  shuts  in  breathing,  throat  so  beneficently,  does  net  extend 
for  the  protection  of  the  lungs.  But  into  the  wind- pipi> ;  for  we  cannot  more 
here  it  is  pertinent  to  remark,  that  in  the  admire  the  perfect  adaptation  of  this 
structure  of  an  animal  body  one  organ  living  property,  than  the  circumstance 
is  made  subservient  to  several  functions,  of  its  never  being  bestowed  in  a  super- 
without  interference  in  the  performance  fluous  degree,  nor  extended  where  it  is 
of  any  of  them.  This  b  especially  true  not  absolutely  reouired.  Just  As  the 
of  the  larynx.  It  is  one  of  those  uses  sensibility  of  the  sKm  protects  the  parts 
only,  and  the  least  important,  that  we  beneath,  so  in  the  same  manner  does  the 
have  at  present  to  observe.  sensibility  of  the  top  of  the  wind- pipe 
The  ugaments  being  invested  with  protect  all  the  interior  of  the  tube,  and 
the  lining  coat,  or  membrane  of  the  the  lungs  themselves,  without  the  neces- 
wind-pipe,  draw  it  into  the  form  of  a  sity  of  this  property  of  irritabHity  ex- 
slit  like  the  till  of  a  shop  counter,  and  tending  through  the  whole  continuous 
this  is  the  chink  of  the  glottis  (rima  surface. 

glottidif.)  This  slit  opens  and  closes  The  simple  act  of  sneezing  affords  a 
with  every  inspiration,  moving  as  we  very  curious  instance  of  the  mutual 
see  the  nostrils  do  in  breathing.  But  adaptation  of  muscular  activity  and  the 
the  n^ost  admirable  thing  of  all  is  the  governing  sensibility.  The  sensation 
acute  sensibility  ioven  to  this  part,  and  which  gives  rise  to  this  convulsive  act, 
to  no  other,  so  that  the  lightest  husk,  is  seatS  in  the  membrane  of  the  inte- 
or  seed,  or  smallest  fly,  drawn  in  with  rior  of  the  nostrils,  and  we  are  not  sur- 
the  breath,  and  touching  the  margin  of  prised  with  the  difference  of  sensation 
the  chink,  is  caught  there  by  the  rapid  from  that  in  the  throat  which  excites 
action  of  the  muscles  and  consequent  coughing.  But  is  it  not  a  very  curious 
closing  of  the  aperture.  Now  were  the  thing  to  find  some  twenty  muscks 
provision  for  the  protection  of  the  lungs  thrown  out  of  the  action  excited  by  ir- 
to  be  only  thus  far  perfect,  there  would  ritation  of  the  nose ;  and  as  many  ex- 
be  an  effectual  means  of  preventing  the  cited  which  were  not  in  the  class  of 
intrusion  of  foreign  matter  into  the  de-  those  influenced  in  coughing ;  and  for 
licate  cells  of  the  lungs,  but  not  for  its  the  very  obvious  purpose  of  shutting 
expulsion  from  the  entrance  which  it  the  passage  by  the  mouth,  or  at  least 
had  reached.  Accordingly,  although  forcibly  driving  the  air  through  the  nos- 
the  sensibility  of  the  glottis  is  put  in  trils  ?  No  act  of  the  will  could  so  sue- 
operation  with  the  shutting  of  the  chink,  cessfully  propel  the  air  through  the 
it  also  animates  another  class  of  muscles;  nose  in  such  a  way  as  to  remove  the 
viz.  all  those  which,  seated  on  the  chest,  offensive  and  irritating  particles  from 
compress  it,  and  force  out  the  air  in  the  membrane  of  the  nose,  and  clear 
coughing ;  and  these  combining  in  one  those  passages. 

powerful  and  simultaneous  effort.  These  last  examples  of  an  appropriate 
whilst  the  glottis  is  closed,  overcome  sensibility  might  introduce  us  to  an  ac- 
that  constriction,  and  propel  the  breath  quaintance  with  those  internal  sensibi- 
through  the  contracted  pipe  with  an  hties  which  govern  the  actions  of  parts 
explosive  force,  which  brushes  off  quite  removed  from  the  influence  of  the 
the  offending  body.  There  is  one  thing  will ;  but  the  description  of  them  may 
more,  necessary  to  this  most  important  be  deemed  unnecessary.  We  shall  just 
though  familiar  action ; — the  lungs  are  hint  at  the  gu»rd  which  nature  has 
never  empty  of  air:  in  breathing  we  placed  on  tl>e  lower  orifice  of  the  sto- 
do  not  fully  expel  the  air;  if  we  did,  mach,  to  check  the  passage  which  the 
there  would  be  a  period  of  danger  appetites  o^  hunger  and  thirst  may 
occurring  17  times  in  a  minute;  for  have  given  at  the  upper  orifice  (A) 
in  the  first  part  of  each  inspiration  to  aliments,  not  easy  of  digestion. 
something  might  be  drawn  into  the  This  lower  orifice  (C)  is  encircled  with  a 
wind-pipe,  which  would  suffocate.  But  muscular  ring  ;  the  ring  is  in  the  keep- 
by  this  provision  of  air  retained  in  the  ing  of  a  watchful  guard.  If  we  are  em- 
lungs  more  than  necessary  to  respira-  ploying  the  language  of  metaphor,  it  is 
tion,  and  which  it  is  possible  to  expel  of  ancient  use.  The  Gret;ks  called  this 
by  a  more  forcible  expiration,  there  is  orifice  pylorus,  which  signifies  a  porter,* 
always  a  possibility  of   coughing  and     - — —           „  , ,    ..  ~        . 

ff         it          nf       '         Aui^Z.    «♦     «-..  •  ITie  uDDfr  onfi<*  was  railed  by  them  flTiorft/ioM*, 

expelling  the   offensive  thin^  at   any  „ .,  ^l^^Se  Imrvryor,  from  iwJ  word.  «>tfD>iyi.f 

point  of  time  in  the  act  of  inspiration.  to  bring  food. 
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Mid  hia  office  i*  this. — When  the  alo- 
Badi  hu  raedved  the  food,  it  bM  to> 
wwd>  the  left  extmnit;,  or  ii  iligMlf 
mgilated  there.  When  the  (figeetne  pto- 
cen  ii  Moomptuhed.  the  rtomieh  wgee 
the  food  tmraidi  the  knver  oriflee.  If 
the  malttrbe  bland  uid  iwbinl  it 
iHUMS,  ftnd  BO  Mmation  it  eqwriMoed. 
But  if  erode  ud  nndif^ed  nudter  to 
presented,  oppontion  h  oflbred  to  ite 

Ctmge,  nndBCODteation  isbe^tmnhieh 
ppUy  terminates  in  the  f(K>d  being 
thrown  again  to  the  left  extremity  of  1  he 
slomnch,  lo  be  Rubmitted  to  a  more  per- 
fect operation  of  the  digestive  powers 
seated  there.  It  is  dnrin?  this  unna- 
tural relrofrSrde  movement  of  the  food, 
that  men  are  nude  Reiuible  of  having  a 
■fomach.  Yet  the  sensations,  how  un- 
pleuant  soever,  are  not  to  be  regarded 
as  a  punishment, but  rather  as  acall  on 
reason  to  aid  the  instinctive  powers, 
and  to  guard  against  disease,  by  pre- 
venting impure  matter  from  being  ad- 
mitted into  the  portion  of  the  intestinal 
canal,  which  absorbs,  and  would  thus 
carry  those  impurities  into  the  blood  to 
enfcender  disease. 

Such  are  a  fen  examples  of  the  va- 
riety in  the  sensibilities  of  the  animal 
Anme ;  guarding  'ts  against  extemnl 
influences  wlien  they  would  threaten 
destruction  to  the  framework,  and  ad- 
Justing  the  operations  of  internal  puts 
too  complicated  and  too  remotely  silu- 
ated  for  the  superinlendpncc  of  reason. 

Medical  autnors,  without  being  em- 
pirics, do,  notwithstanding,  take  great 
advantage  of  our  ignorance.  We  can 
a]]  of  us  lake  wamiiig  from  the  sen- 
'itimu  espetienced  in  Uie  process  of 


digtsboB,  and  thera  erni  he  no  haim  m 
ginng  ever;  man  a  eanfUence  in  the 
■ennbilily  of  bu  stooMfa.  and  in  it* 
indKatMna  of  healthy  ordiitintied  fnne- 
tioni.  WehKrethBheetproorofwhal 
we  m*b  lo  nieutoete  m  the  eotion  of  ihe 
funmatlDg  atoouidi.  A  cow  avellowt 
the  groie  livbage,aiid  flUa  ita  lug*  tnt 
■toovidL  WbnitBhBinlhe  cud.  the 
■tomech,  h;  its  action,  roll*  up  the 
grass  into  distinct  pellets,  or  balla,  with 
as  much  regard  to  the  office  of  its  being 
rejected  into  the  mouth,  as  we  do  in 
masticaling  for  swallowing.  When  the 
ball  is  brought  into  the  mouth  and 
chewed,  it  is  again  swallowed ;  hut  in 
descending  iuto  the  Icpwer  part  of  the 
gullet  a  muscle  draws  dose  the  a[MT- 
ture  by  which  it  passed  into  the  large 
■lomacli  in  the  first  instance,  and  it  is 
now  ushered  into  a  eecond  stomai-h, 
and  so  succes!(ivirly  onwardstutbat  sto- 
mach in  which  the  digestion  is  per- 
formed. Thecurioutjnuscularapparstus 
I7  which  tills  is  accomplished  needs 
not  be  described;  but  surely  the  sensi- 
bility which  direc-ts  it,  which,  kept  apart 
altogether  &om  the  will,  is  y^  in  its 
reaults,  so  like  the  opoalions  of  reason, 
presents  a  sntiject  of  Just  admiration. 

The  elastic  structure  of  Ihe  camel's 
foot ;  lite  pruvisinn  around  its  eyes  for 
ridding  lliem  (rf  ofibnsive paiticks ;  the 
power  of  closing  its  nostrils  against  the 
clouds  uf  sand ;  and  its  endurance  of 
fatigue — would  not  enable  it  to  past  the 
deaert,  unless  there  were  provisioas  for 
Ihe  lodgment  of  water  in  its  Ktomach, 
and  unless  this  apparatus  were  animalwl 
by  peculiar  iiensibibties  ;  for  tbere  are 
muscle*  to  retain  the  fluid  in  the  celj  of 
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its  itomaeh,  only  pennitting  it  to  oow  jected  to  t.  more  utufbrn]  and  cerlBln 

out  Bcoording  to  the  neceuities  of  (h«  uiw. 

uiimftl ;  and  there  is  a  miucle,  repre-  But  the  point  to  wtuch  we  would 

tented   in  the  ^.  ihove,  which  pulb  cany  the  reader  ia  this,  that  though 

Dp  the  one  or  the  other  of  the  ori-  there  are  the  proper  lensibihties  of  the 

Sees  of  the  digerent  stomachs  to  re-  body,  with  reference  to  perception  or 

cdve  the  food  from  the  lower  end  of  the  consciousness,  yet  there  are  others  no 

nllet,  according  to  its  condition,  whe-  less  curious,  which  control  the  internal 

thertobedepositedaieRlyaiinastare,  MMnliani  of  the  economy;  uid  that 

or  to  t)e  ■ubmitted  to  the  operation  of  the  mechsnkal  provisions  are   but    a 

divMtion.  type   of  what  is  promised  to  him  who 

The  surprising  thingtn  «D  this,  is  not  wUl  look  into  the  seniibilities  of  the  tiody 

tomuehthemeauuiiedprovisionaa  the  fortlieproof  of  power  and  contrivance, 

goveminz  KniitMlitT.  What,  fbr  extm-  Now  the  human    stomach,  though 

pie,  should  in  the  first  place  impel  the  not  so  complicated  in  its  apparatus  of 

groiterfOod.whencollected.intotheflrst'  maceratini;  and  dige&tinK  vnts,  is  po»- 

stomach  ?    What  should,  in  the  next  sessed  of  a  no  less  wonderful  degtee  of 

filaec,  andnfterniminalionaiidmaatica-  governing  sensibibty,    which   mav  be 

tion  in  the  mouth,  carry  it  into  the  third  trusted  as  suttiy  as  the  most  skilftd 

stomach;  since  water  ii  carried  into  physiologist 

nnther  of  these,  but  into  the  cells  of  We  are  tola  that  we  must  not  drink 

the  second  stomach  ?  at  meals,  lest  the  fluid  interfere  with  the 

Vrt,  afler  all.thiionly  lirings  usback  operation   of    digestion^  of  this   there 

to  a  sense  of  the  operations  of  our  own  need  be  no   apprehension.     The   sto- 

bodies.    The    act  of   swallowing,   the  maeh  separates  and  lets  off  vith  ttie 

propulsion  of  the  food  into  the  gullet,  most  eunous  skiU,  all  superfluous  fluid 

and  the  temporary  closing  of  the  wind-  through  its  orifice,  while  it  retains  the 

oipeat  sudialime,  isjustassuirrising.  matter  fit  liir  digestion.      It  retains  it 

This  latter  operation  is  never  deranged  in  its  lefl  extremity,  permitthig  the  fluid 

but  by  the  interference  of  the  will.    If  to  pass  into  the  intestines,  th^  to  sup- 

the  individual  attempts  lo  ipeak,  that  is,  ply  the  other  wants  of  the  system  no 

to  govern  these  parti  by  the  will,  when  less  important  than  the  dkestion.    The 

they  should  t>e  left  to  these  instinctiTe  veterinan  professor    Coleman,  SMer- 

operations ;  or  if  terror,  or  some  such  tained    that    a  pail   of  water   passed 

mental  excitement,  prevail  at  the  mo-  through  the  stomach  and  intestines  of  a 

ment  of  swallowing,  then  the  morsd  horse,   at  the   rate  of  ten  feet  in  the 

mav  stick  in  the  throat  minute,   until  it  reached    the   CK«um. 

All  this  shows  how  perfect  the  (^>en-  Drinking  at  a  stated  period  after  meals, 

s  of  nature  ar^  aiid  how  wslT  it  ia  say  an  m)ur,watvanaDce  with  both  ap- 

rided  that  the  vital  motion*  should  p^te  and  reason.  The  digestion  isthen 

vrithdrawn    from    the   control    of  efi'ectuallv   interfered  wiUi;    for  whU 

ifTolttWB,  and  sob-  wBSBolidiiasbecoiMft&uid.(thecfty«t& 


prarided 
be   vrithij 
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TOi  laid  ii  •ketdy  in  ptft  atnu-  and  imteBfauMOoi  acting.    Could  thi 

]at«d:ithMtiiBd«rgoiietheffantoftlioie  eye  ipMund  Hicit  unleig  it  powawed  tm* 

dhaogeafduehfttituttimatdytobetlia  abi%  graalor  than  tbe  Ain  ?  Could  it 

liTing  btood;   and  tfaa  diiu   nrndiig  yuaraitaelt  unh^tina  aanaihility  wna 

frii&tyadiym in tha inferior extrenulj  m  conwpt  wlQi  hi  appantna  wtddi 

oftiieitoaiMi»or  ftrat  intaatino.  mnat  naiad  aa  qoiek  aa  fhoiq^.?  Could  nc^ 

piodaoa  diatnrlMneeb  iod  intarruiil  the  bf  flia  men  iwiwanfla  of  pleaaura»  or 

woik  of  aanmilation.  ly  any  oaawtiou  or  imriatoon  of  riaa» 

Lookii^  in  thia  nannar  mion  fha  aunbia  fBefian*  faa  naada  alhro  to  fboaa 

Tciy  aitraonlinaiy  pmpertiaa  or  tba  afco-  iqinriea  wiuco  might  mdi  tha  luqn 

maeiit  weperaatvoboir  natnral  it  waa  tqr  anbalanoas  bcmg  oaniad  in  wifli  tba 

for  pbfaicuBia  to  jpvo  a  noma  to  the  aor  wa  braatha?  b  tbara  anything  but 

■aniumily   of  wlnai  wo   bava  baen  tbe  aanw  wludli  ^?aa  riaa  to  tbe  appro- 

qpaakinflr.     Tha  Arekmt  of  Vanhd-  licni^on  of  aullbntion»  tliat  would  pn>- 

montt  file  Anima  of  StaUt  wera  tba  dueatbaimtantandauddenefRirtwnidi 

tamu  uaad  to   dangnate  Ihia  natnn^  oould  guard  tlie  tlnroat  from  the  intnt- 

prindple,  or  fiicuttft  aubordinata  to^  aioaof  what  waaofBmaiveoriiiiimiooai 

and  oistinet  from  pereeptian ;— a  no-  Fleaaura  ia  at  the  beat  a  poor  motifo  to 

tion  entertained,  and  more  or  leaa  dia-  enrtion,  and  rather  induoea  to  lancuor 

tinc^j  halted  at,  by  philoaophera  from  and  indulgence^  and  at  length  indtlftr- 

I^bagoraa  to  J<^  Hunter,  enoa.    To  aay  tliat  animda  aof^  be 

oontinually  in  a  etata  of  eivoyment,  and 

A  modem  phOoioplier,*  of  whom,  in  tliat  when  urged  by  tha  necefitita  of 

this  inafance,   it  would  be  diificult  to  nature,  sueh  as   thirst,   hunser,  and 

sajr  whether  he  be  serious  or  playfuU  weariness,  thsy  might  only  frMJa 


wfth  aomepiauaibilily,  howarer,  asserts  notion  of  pleasure,  ia  not  only  to  alter 
tlial  it  uugnt  be  possible  to  cany  on  tha  man's  nature,  but  external  nature  also; 
busineas  of  life  without  pain.  If  ani-  for,  whilst  thm  are  eaith,  rodca,  woods, 
mals  can  be  free  from  it  an  hour,  they  and  water  lor  our  theatre  of  mstence, 
uught  eiyoy  a  perpetual  exemption  from  the  texturea  of  our  bodiea  must  be  ex- 
it. Animals  might  be  constantly  in  a  posed  to  ii\juries,  from  whieh  they 
slate  of  enjoyment ;  instead  of  pain,  can  only  be  protected  by  a  sensibility 
thev  might  feel  a  diminution  of  pleasure,  adapted  to  each  part,  and  capat)le  of 
and  mi^ht  thus  be  prompted  to  seek  rousing  us  to  the  most  animated  exer- 
that  which  is  necessary  to  their  existence,  tions.    Take  away  pain,  and  take  also 

In  the  lower  creatures,  governed  by  away  the  material  world,  by  which  we 
instinct,  there  may  be,  for  ou^t  we  are  continually  threatened  with  injury, 
know,  some  such  condition  of  existence,  and  what,  after  all,  is  this, but  imapnin^ 
But  the  complexity  and  delicacy  of  t tie  a  future  state  of  existence,  instead  of 
human  frame  is  necessary  for  sustain-  that  in  which  mind  and  matter  are  com- 
ing those  powers  or  attributes  which  bined?  If  all  were  smooth  in  our  path, 
are  in  correspondence  with  supjerior  in-  if  there  were  neither  ru^ed  places  nor 
telligence;  since  they  are  not  in  rela-  accidental  opposition,  whence  shouki  we 
tion  to  the  mind  alone,  but  intermediate  derive  tiiose  affections  of  our  minds, 
between  it  and  the  external  material  which  we  coll  enterprise,  fortitude,  and 
world.    Grant  that  vision  is  necessary  patience  ? 

to  the  developement  of  thought,  the  or-        Independent  of  pain,  which  protects 

gan  of  it  must  be  formed  with  relation  us   more    powerfully  than     a    shield, 

to  light.    Speech,  so  necessary  to  the  there  is  inherent  in  us,  and  for  a  similar 

developement  of  the  reasoning  faculties,  purpose,  an  innate    lionror  of  deatlL 

implies  a  complex  and  exceedingly  de-  »»  And  what  tliinkest   tliou  (said  So- 

licate  organ,  to  play  on  the  atmosphere  crates  to  Aristodemus)  of  this  continual 

around  us.     It  is  not  to  the  mind,  that  love  of  lite,  this  dread  of  dissolution, 

the  various  orjjanizations  are  wanted,  which  takes  possession  of  us  from  the 

but  to  its  condition  in  relation  to  a  ma-  moment  that  we  are  conscious  of  exist- 

*«»j«^  world.  ence?"   "  I  think  of  it,  (answered  lie,)    . 

The  necessity  of  this  delicate  struc-  as  the  means  employed  by  the  same    ^ 

ture  being  admitted,  it  must  be  pre-  great  and  wise  artist,  deliberately  deter- 

served  bv  tlie  modifications  of  sensibi-  mined  to  preserve  what  he  has  made." 
hty,  which  sliall  either  instinctively  pro-        The  reader  will  no  doubt  here  ob- 

tect  the  parts,  or  rouse  us  into  powerful  serve  the  distinction.    We  have  experi- 
ence of  pain  from  injuries,  and  learn  to 
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ayoid  them  ;  but  we  can  have  no  experi-  which  makes  it  sensible  of  an  impres- 
ence  of  death,  and  therefore  the  Author  sion,  on  which  it  reacts  and  performs 
of  our  being  has  implanted  in  us  an  in-  its  functions.  It  api>ears  from  what 
nate  horror  at  dissolution ;  Und  we  may  has  preceded,  that  this  sensibility  may 
•ee  this  principle  extended  through  the  cause  the  blowing  of  a  flower,  or  the 
whole  ot  animated  nature.  Where  it  motion  of  a  heart  The  animal  sensi- 
is  possible  to  be  taught  by  experi-  bility  is  indeed  an  improper  term,  be- 
ence,  we  are  left  to  profit  by  it,  but  cause  it  would  seem  to  imply  that  its 
where  we  can  have  none,  feeling  are  en-  opposite,  organic  sensibility,  was  not 
gendered  without  it  And  this  is  all  that  also  animal ;  but  it  means  that  impres- 
was  necessary  t  o  show  how  the  life  is  sion  which  is  referred  to  the  sensonimn ; 
guarded  ;  sometimes  bv  mechanical  where,  (when  action  is  excited,)  percep- 
strength,  as  in  the  skull ;  sometimes  tion  and  the  effort  of  the  will  are  inter- 
by  acute  sensation,  as  in  the  skin  and  mediate  a^nts  between  the  sensation 
in  the  eye ;  sometimes  by  innate  affec-  and  the  action  or  motion, 
tions  of  the  mind,  as  in  the  horror  of.  We  may  sum  up  the  inquiry  into  sen- 
death,  which  will  prevail  as  the  voice  of  sibilityand  motion  thus :-  - 
nature,  when  we  can  no  longer  profit  by  1.  The  peculiar  distinction  of  a  living 
experience.  animal  is,  that  its  minute  particles  are 
But  the  highest  proof  of  benevolence  undergoing  a  continual  chanj^e  or  revo- 
is  this,  that  we  have  the  chiefest  source  lution  under  the  influence  of  life.  Plu- 
of  happiness  in  ourselves.  Every  crea-  losophers  have  applied  no  term  to  these 
ture  has  pleasure  in  the  mere  exercise  motions. 

of  his  body,  as  well  as  in  the  languor  2.  An  organ  possessed  of  an  appro- 
end  repose  that  follow  exertion ;  but  priate  muscular  texture,  and  of  sensibi- 
these  conditions  are  so  balanced,  that  lity  in  accordance  with  the  moving  in- 
we  are  impelled  to  change,  and  every  sirument,  as  the  heart,  or  the  stomach, 
chan^  is  an  additional  source  of  enjoy-  has  the  power  of  action  without  reference 
ment.  What  is  apparent  in  the  body,  is  to  the  mind.  The  term  automcUic,  some- 
true  of  the  mind  also.  The  great  times  given  to  those  motions,  conveys  a 
source  of  happiness  is  to  be  found  in  wrong  idea  of  the  source  of  motion,  as  if, 
tlie  exercise  ot  talents,  and  perhaps  the  instead  of  being  a  living  power,  it  were 
greatest  of  all  is  when  the  ingenuity  of  consequent  upon  some  elastic  or  me- 
the  mind  is  exercised  in  the  dexterous  chanical  property, 
employment  of  the  hands.  Idle  men  3.  There  are  sensibilities  bestowed 
do  not  know  what  is  meant  here ;  but  on  certain  organs,  and  holding  a  con- 
nature  has  implanted  in  us  this  stimulus  trol  over  a  number  of  muscles,  which 
to  exertion,  tnat  she  has  given  to  the  combine  them  in  action  in  a  manner 
ingenious  artist — the  man  who  invents,  greatly  resembling  the  influence  of  the 
ai^  with  his  hands  creates,  a  source  of  mind  upon  the  body,  ]^'et  independent  of 
ddight,  perhaps  greater,  certainly  more  the  mind ;  as  the  sensibility  which  com- 
uninterrupted,  th^  belongs  to  the  pos-  bines  the  musdes  in  breathing, 
session  of  higher  intellectual  powers,  4.  In  the  last  instance  a  large  class 
and  far  beyond  any  that  falls  to  the  of  muscles  were  combined  without  vo- 
lot  of  the  minion  of  fortune.  htion.    But  the  whole  animal  fabric  may 

We  believe  that  every  thinking  per-  be  so  employed ;  as  in  the  instinctive 

son  may  have  wherewithal  in  his  own  operations  of  animals,  where  there  is  an 

sphere  to  tutor  him,  and  bring  him  to  impulse  to  certain  actions  not  accom 

the  temper  of  mind  and  belief  which  panied  by  intelligence. 
we  would  inculcate.  Yet  there  is  some-        5.  A  motive  must  exist  before  there 

thing  peculiarly  appropriate  in  the  study  are  voluntary  actions,  and  hence  philo- 

of  our  ovm  bodies.    In  chemistry  we  sophers  have  supposed  that  there  can 

are  so  much  the  agents  as  to  forget  the  be  nothing  but  instinctive  actions  in  a 

law,  and  the  law  itself  seems  at  least  to  new-bom  child.     But  we  must  distin- 

intermit.    But  in  the  changes  wrought  guish  here  what  are  perfect  at  first,  and 

in  the  animal  frame,  the  directing  power  what  are  imperfect  and  irregular,  and  be- 

is  uniform  in  its  influence,  and  holds  all  come  perfect  by  use  and  the  direction 

in  harmony  of  action.  of  the  will    The  act  of  swallowing  is 

We  now  learn  without  difficulty  and  perfect  from  the  beginning.  The  motions 
without  mystery,  what  is  meant  oy  or-    of  the  legs  and  arms,  and  the  sounds  of 
ganic  and  animal  sensibility.    The  first    the  voice  aie  V^c«ea^M  wi^  ^^■5^>^»^ 
IS  that  condition  of  the  living  organ,    im]^«cW^  eitwXsdu   W.  *v^  '^'^  >»2«i 
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fvhich  improve  with  the  mind.  From  could  preserve  the  higher  danes  o( 
not  knowmg  the  internal  structure,  vod  animals,  and  man  above  aU  otherstfrom^ 
the  arrangement  of  the  nerves,  philo-    destruction. 

sofihers,  as  Hartley,  supposed,  that  an  All  these  proviaaiis  proceed  from  ao 
instinctive  motion,  such  «s  swallowing,  arrangement  of  nerves  and  musdes. 
may  become  a  voluntary  act.  Volition  The  mechanical  a4)ustment  of  the  mns- 
in  tne  actof  swalkrwini^  consists  merely  des  and  tendons,  is  perfect  according 
inputting  the  morsel  within  the  instinc-  to  the  principles  of  mechanics.  The 
tive  grasp  of  the  fsnces,  when  a  series  muscles  themselves  possess  a  diffiarent 
of  involuntary  actions  commence,  over  property ;  they  are  irritable  pvts ;  mo- 
which  we  have  no  more  control  in  mar  tion  on^nates  in  them.  This  living 
ture  age,  than  in  the  earliest  infiwqr.  property  of  contraction  is  admirably 
Swallowing  is  not  a  voluntary  action,  suited,  in  each  particular  muscle,  to 
and  the  thrustiiu^  the  morsel  back  with  the  office  it  has  to  perfiNrm.  In  some  it 
the  tongue,  is  l&e  putting  the  cup  to  is  suitable  that  the  musdes  diould  ad 
the  lid».  It  is  the  preparation  for  tlie  as  rapidly  as  the  bowstring  on  the 
act  of  swallowing  that  is  voluntary,  arrow ;  in  others  the  action  is  slow  and 
iHit  over  the  act  itsd(  we  have  no  regular;  in  others  it  is  irregular,  and  alter 
control.  longintervals,  according  as  the  functions 

It  is  an  error  to  suppose  that  aU  to  which  they  are  suMervient  require, 
muscular  actions  are,  m  the  first  in-  The  motions  of  the  limbs,  the  motions 
stance,  involuntary,  and  that  over  some  of  the  eye,  those  of  the  heart  and 
of  them  we  acquire  a  vduntary  power,  arteries,  stomach  and  lx>wds,  are  aA 
The  power  of  volition  over  the  mus-  different  Thii  q^propriation  of  action 
des  of  the  body,  is  provided  for  by  is  not  in  the  musdes  tnemMhres,  Imt  as 
appropriate  nerves,  and  no  apparatus  thev  stand  in  relation  to  the  nervous 
which  is  not  supfdied  with  that  par-  system,  and  the  senabilities  wfaidi  im- 
ticular  dass  of  nerves,  can  ever,  by   pel  than. 

any  exercise  or  study,  become  subject  We  hope,  then,  by  the  course  we 
to  volition.  A  child's  fisoe  has  a  great  have  taken,  that  we  have  carried  the 
deal  of  motion  in  it,  very  diverting  firom  reader  to  a  hi^er  sense  of  the  perfiec- 
its  resemblance  to  expression,  before  tion  of  the  animal  structure.  We  first 
there  can  be  any  real  motive  to  the  drew  him  to  obsene  provisions  in  the 
action.  It  will  crow,  and  make  strange  strengthening  of  the  bones,  the  adjust- 
sounds,  before  there  is  an  attempt  at  ment  of  their  extremities  to  the  joints, 
speech.  But  this  gradual  developement  the  course  of  the  tendons,  and  other 
of  intelligence  and  acquisition  of  power  such  mechanical  appliances,  proving  to 
ouKht  not  to  \je  called  the  wilf  attaining  him  the  existence  of  intention  in  the 
influence  over  involuntary  muscles ;  since,  formation  of  the  solid  fabric  of  the  body, 
in  fact,  the  apparatus  of  nerves  and  We  have  then  explained  how  that  mo- 
muscles  is  prepared  and  waits  for  the  tion  is  produced  which  was  at  all  times 
direction  of  the  mind  with  so  perfect  a  familiar  to  him,  but  even  the  imme- 
readiness,  as  to  fall  into  action  and  just  diate  causes  of  which  he  did  not  com- 
combination,  before  that  condition,  or  prehend.  We  have,  in  the  last  place, 
affection  of  the  mind  which  should  pre-  shown  him  that  under  the  term  life  he 
cede  the  action,  takes  place.  A  child  has  a  still  more  admirable  subject  of 
smiles  before  any  thing  mcongruous  can  contemplation  in  the  adjustment  of 
enter  the  mind,  before  even  pleasure  those  living  properties ;  in  the  sensibi- 
can  be  supposed  a  condition  of  the  mind,  lities  differing  not  so  much  in  degree 
Indeed,  the  smile  on  an  infants  face  as  in  kind ;  and  in  their  appropriation, 
is  first  perceived  in  sleep.  both  to  the  operations  of  the  internal 

6.  All  the  motions  enumerated  economy,  and  to  the  relations  external, 
above,  are  spontaneous  motions  be-  and  necessary  to  safety, 
longing  to  the  internal  economy;  but  It  is  not  possible  to  contemplate  these 
the  external  relations  of  the  animal,  things  without  having  the  full  proof 
the  necessity  of  escaping  from  injury,  l)efore  us  of  the  power  of  the  Creator 
or  warding:  off  violence,  require  a  sen-  in  forming  and  sustaining  the  animal 
sibility  suited  to  those  outward  impres-  body.  As  a  man  with  gutta  serena 
8ions,and  an  activity  consequent  on  voU-  may  turn  his  eyes  to  the  sun,  and  feel 
tion.  Nothing  less  than  perceptions  of  no  influence  ot  light ;  so  may  the  un- 
the  mind,  ancTvoluntary  acts,  suited  to  derstanding  be  blind  to  these  proofs ; 
a  tiiousand  circumstances  of  relation,    and  we  may  say,  with  the  celebrated 
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Dr.  Hunter,  that  he  who  can  contem-  secure  and  weak ;  of  repelling;  disease, 

plate  them  without  enthusiasm,  must  or   of  controUing   it,  and  substituting 

labour  under  a  dead  palsy  ii^  some  part  what    is  healthful,  for  that    which  is 

of  his  mind,  and  we  must  pity  him  as  morbid.    The  whole  animal  machinery 

unfortunate.  we  have  seen  to  be  a  thing  fragile  and 

exposed  to  injury ;  without  this  conti- 
nual change  of  material,  and  this  new 

Chapter  IV.  modelling  of  that  material,  our  lives 

would  be  more  precarious ;  the  texture 

Of  the  Changes  in  the  Maienal  qf  the  of  our  bodies  would  be  spoiled  like  some 

Animal  Body  during  Life.  fine  piece  of  mechanism  which  had  stop^ 

ped,  and  no  workman  wouM  have  sci- 
Wk  have  seen  the  motrons  performed  ence  sufficient  to  reconstruct  it.  But 
in  the  animal  body  through  the  actions  hy  this  process,  the  minute  particles  of 
of  the  muscles,  and  the  play  of  the  the  body  die  successively :  not  as  in  the 
mechanical  parts,  and  we  have  had  occa-  final  death  of  the  whole  body,  but  part 
sion  to  reflect  on  tlie  action  of  the  heart,  tiy  part  is  deprived  of  its  vitality,  and 
and  the  motion  of  the  blood  in  the  cir-  taken  away  into  the  general  circulation, 
culation ;  but  these  are  as  nothing,  com-  whilst  neyr  parts  are  endowed  with  the 
pared  with  the  interest  of  our  present  property  of  life,  and  are  built  up  in 
sul)ject — the  changes  goins:  forward  in  then*  place.  By  this  revolution,  we  see 
the  solid  material  of  the  fi-ame.  Is  it  nature,  instead  of  having  to  establish  a 
not  surprising  that  the  individual  who  new  mode  of  action  for  eveiy  casualty^ 
retains  every  peculiarity  of  body  and  of  heals  all  wounds,  unites  all  broken 
mind,  whose  features,  whose  gait  and  bones,  throws  off  ail  morbid  parts  by  the 
mode  of  action,  whose  voice,  gestures,  continuance  of  its  usual  onerations  ; 
and  complexion  we  are  ready  to  attest  and  the  surgeon  who  is  moaest  in  his 
as  the  very  proof  of  personality,  should  calling,  has  nothing  to  do  but  to  watch, 
in  the  course  of  a  few  days  change  every  lest  ignorance  or  prejudice  interfere 
particle  of  his  solid  fabric  ?— %iat  he  with  me  process  of  nature.  This  pro* 
whom  we  suppose  we  saw,  is,  as  far  as  pcrty  of  the  living  body  to  restore  itadf 
his  body  is  concerned,  a  perfectly  dif-  when  deranged,  or  to  heal  itself  when 
ferent  person  from  him  we  now  see?  broken  or  torn,  is  an  action  which  so 
That  the  fluids  may  change  we  are  ready  frequently  assumes  the  appearance  of 
to  allow,  but  that  the  soli&4U«  thus  ever  reason,  as  if  it  were  adapting  itself  to 
shifting  seems  at  first  improbable.  And  the  particular  occasion,  that  even  t  he  last 
yet,  if  there  be  any  thmg  firmly  esta-  great  luminair  in  this  science,  Mr.  John 
blished  in  physiolofi^,  if  there  he  truth  Hunter,  speaks  of  parts  of  the  body,  as 
in  the  science  at  sJl,  this  fact  is  incon-  **  conscious  of  their  imperfection,**  and 
trovertible.  **  acting  from  the  stimulus  of  necessity,** 
There  is  nothing  like  this  in  inanimate  thus  giving  the  properties  of  mind  to  the 
nature.  It  is  beautiful  to  see  the  shoot-  body,  as  the  only  explanation  of  pheno- 
ing  of  a  crystal ; — to  note,  first,  the  for*  mena  so  wonderful 
mation  of  mtegrant  particles  firom  their  We  make  a  moderate  assumption, 
elements  in  solution,  and  these,  assuming  when  we  declare  these  chan^  to  be 
a  regular  form  under  the  influence  of  at-  under  the  guidance  of  the  living  prin- 
traction  or  cnstalline  polarity,  produ-  ciple.  In  a  seed,  or  a  nut,  or  an  egg, 
cing  a  determinate  shape ;  but  the  form  we  know  that  there  is  life,  and  from  the 
is  permanent.  In  the  different  piocesses  kn^h  of  time  that  these  bodies  will  re- 
of  elective  attraction,  and  in  fermenta-  mam  without  change,  we  are  forced  to 
tion,  we  perceive  a  commotion,  but  in  a  acknowledge  that  this  life  is  stationary 
little  time  the  products  are  formed,  and  or  dormant,  and  limited  to  the  counter- 
the  particles  are  at  rest.  There  is  in  these  action  of  putrefaction  or  chemical  de- 
instances  nothing  like  the  revolutions  of  composition ;  but  no  sooner  does  this 
the  living  animal  substance,  where  the  principle  become  active,  than  a  series  of 
material  is  alternately  arnuiged  and  intestinal  or  internal  changes  are  corn- 
decomposed.  The  end  of  this  is,  menced,  which  are  rejjularly  progressive, 
that  the  machinery  of  the  body  is  ever  without  a  moments  mterruption,  while 
new,  and  possesses  a  property  within  life  continues. 

itself  of  mending  that  which  was  broken.  That  principle  which  may  continue  an 

of  throwing  off  that  which  was  useless,  indefinite  numt)er  of  days,  months,  or 

and  of  buSiiog  up  that  which  was  in-  years,  producing  no  change  in  all  this 
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time,  be|diis  9X  onee  to  exhibit  its  influ-  We  ihall  not  stop  here  to  inauire  into 
ence,  builds  up  the  individual  body,  re-  the  admirable  manner  in  wnieh  this 
gulates  the  actions  of  secretion  and  ab-  hardening  material  of  Ixme  is  deposited 
sorption ;  and,  by  its  opention  upon  for  the  purposes  of  strengtl^  It  is  only 
the  material  of  the  frame,  stamps  it  the  chaiuce  upon  the  mahrrial  which  we 
with  external  marks  of  in&nqf,  matu-  have  now  to  contemplate, 
vity;  and  age.  If  this  earth  of  bone,  so  eolomed,  had 

But  let  us  examine  the  proofs  of  this   been  deposited  for  a  permaneneyt  and 
universal  change  in  the  nuUerial  of  the   built  into    these   ceDs  and    crevices, 
body.    It  is  n^  very  long  since  a  bone   like  brick  and  mortar,  the  colour  wmdd 
was  supposed  to  be  a  concrete  juice,   remain ;  but,  however  deeply  the  bonei 
and  thai  the  hqiud  parts  were  converted   of  an  animal  may  be  tin^^  in  tins 
into  solids,  as  we  see  mortar  car  Paris   manner,  the  colour  Is  not  permanent, 
plaster  from  fluid  assuming   a  solid   unless  the  animal  continue  to  be  fed 
Ibrm.  But  the  anatomist  began  to  ob-   with  the  maddor.    If  its  food  be  pure  of 
serve,  that  the  bones  were  porous ;  that  the  madder,  even  for  a  few  weeLs^  and 
these  pores  admitted  membranes  and  if  after  this  the  ammal  be  IdUed,  its 
vessels  ;  and  some  went  so  far  before  bones  are  white,  that  is  to  say,  the  M 
their  brethren,  as  to  assert  that  they   jMulicles  of  phosphate  of  lime,  are  car- 
saw   arteries,  veins,   Ivmphalics,    and   ried  away  by  abiioiption,  and  with  them 
nerves  going  into  the  bone ;  in  short,   thb  cotourin^  material ;  and  that  newer 
the  opinion  gradually  grew  stronger,   bone  which  is  dqxMited  by  the  arteries 
that  tiMy  were  living  parts,  and  sub-   is  untinged  and  pure,  having  no  odour- 
Ject  to  an  the  changes  to  which  the   ing  material  to  attract 
softer  parts  of  the  living  body  were       It  is  unnecessaxy  to  fbQow  out  those 
liaUe.     An  aoddent  gave  admirable   curious    experiments    bv   which    the 
proof  of  this.    It  was  found  that  the   physiologist  has  shown  tne  rapklity  of 
bones  of  pigs,  fed  vrith  the  refuse  of  the   the  formation  of  a  new  bone  around 
djta^n  vals,  in  which  madder  was  con-   the  broken  end  of  an  old  one,  and  the 
tained,   became  tinged  of  a  beautiful   deep  tinge  such  new  Ixme  taJies,  corn- 
red  colour.    It  was  this  fact  which  in-    pared  with  the  fainter  colour  jof  that 
genious  physiologists  made  use  of,  and    which  had  been  perfect,  previous  to  the 
which  enabled  them  to  demonstrate  the    feeding  with  msudder ;   tne  manner  in 
rapiditv  with  which  the  old  bone  was    which,  by  feeding  the  animal  alternately 
carried  awav,  and  new  bone  substituted,    with  madder  and  without  it,  he  contrives 
The  physiolo^st  observed,  that  if  he    to  exhibit  difiPerent  coloured  layers  in 
threw  a  bone  mto  the  fire,  what  is  called    the  growing  bone.   It  is  sufficient  for 
the  animal  part  was  burned  and  dissi-    our  purpose,  to  know  that  the  densest 
pated,  but  there  remained,  imperishable    part  of  tne  animal  frame  is  subject  to 
by  this  process,  a  mass  of  earth,  which    change,  like  the  most  delicate  textiux:  of 
proved  to  be  the  phosphate  of  lime.  He    the  body,  and  that  the  only  means  uf 
thought  of  varying  his  experiment,  and    arresting  the  motion,  is  to  deprive  it  of 
put  the  bone  into  acid,  which  dissolved    life :  if  a  part  of  a  bone  be  kiiled  by  tlie 
that  phosphate  of  lime,  and  left  the    application  of  a  cautery,  that  moment  it 
bone  to  all  outward  appearance  as  be-    becomes  permanent,  and  is  subject  to  no 
fore.     It  had  its  form,  its  membranes,    change,  whilst  all  the  parts  around  it 
its  vessels,  but  when  pressed  it  proved    are  undergoing  their  revolutions, 
to  be  soft  and  pliant ;  the  phosphate  of       Thel)ones  of  the  legs  and  thighs,wlucli 
lime  having    been    dissolved  and  ex-    suffer  the  fatigue  of  motion,  and  which 
tracted,  it  was  no  longer  capable  of  the    support  the  weight  of  the  body,  without 
office  of  a  bone,  to  bear  the  weight  and    diminishing  in  their  length,  or  altering  in 
inotions  of  the  body.    When  the  expo-    the  slightest    measurable  degree  their 
riments  with  madder  were  resumed,  it    proper  form,  are  nevertheless  undergo- 
appeared,  that  when  this  earth  of  bone   mg  an  ojieration  of  repair,  in  which  the 
was  about  to  be  secreted  from  the  cir-    old  particles  are  withdrawn,  whilst  new 
culating  vessels,  and  deposited  in  the    ones  replace  them.    We  see  with  what 
membranes  of  the  bone,  it  met  v\  ith  the   care  the  walls  of  a  house  are  shoied 
colouring  particles  of  the  madder  in  the    up  to  admit  of  repair — how  carefully 
blood ;  and,  as  the  chemist  would  ex-    the  workman  must  estimate  the  strenfi:tii 

Elain,  the  madder  and  the  phosphate  of  of  his  pillars  and  beams — how  nicely 
me  were  precipitated,  and  filled  all  the   he  must  hammer  in  his  wedges,  that 
interstices  ofthe  membranes  and  vessels,    every  interstice  may  be  filled,  and  no 
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^rftin  permitted ;  and  if  this  operation  when  this  process  is  completed  in  a 

fail  in  the  slightest  degree,  it  is  attended  man*8  limb  it  will  be  as  clumsy  as  the 

with  a  rent  of  the  wall  from  top  to  leg  of  an  elephant,  large,  firm,    and 

bottom.    We  say,  then,  that  by  the  very  shapeless ;   but  the  extraordinary  cir- 

awkwardness  of  this  process,  in  which,  cumstance  is  still  to  be  described. — ^This 

after  all,  there  is  danger  of  the  whole  new  bone  is  gradually  diminished  in  its 

fabric  tumbling  about  the  workmen,  we  exterior  surface,  and  its  hollow  filled 

are  called  upon  to  admire  how  the  solid  up,  and  thus,  by  a  change  scarcely  per- 

pillars  in  our  own  frame  are  a  thou-  ceptible,  it  resumes  the  form  and  di- 

sand  times  renewed,  whilst  the  plan  of  mensions  of  the  original  bone ;  and, 

the  original  fabric  is  followed  to  the  after  a  time,  the  anatomist  might  exa- 

utmost  nicety  in  their  restoration.    And  mine  this  limb  and  find  neither  in  the  ar- 

if  it  deviate  at  all,  it  is  only  in  a  man-  ticulating  surfaces,  nor  in  the  spines  and 

ner  the  more  to  surprise  us,  since,  on  ridges,  nor  in  the  points  of  attachment 

examination,  it  will  be.  discovered  to  for  ligaments  and  muscles  any  thing  to 

result  from  an  adaptation  of  the  strength  indicate   the   extraordinary  revolution 

of  material  to  some  new  circumstance,  that  had  taken  place, 
the  increasing  weight  it  has  to  support.        What  explanation  have  we  to  give  of 

or  the  jar  that  it  is  subject  to,  from  the  this  change  ?    There  can  be  no  doubt 

change  in  the  activity  or  exercise  of  the  that  the  material  is  not  the  same ;  for 

body.  we  have  the  old  l>one  in  our  hand,  and 

Ijiere  is  a  disease  of  the  bone  which  the  man  is  walking  upon  a  new  bone, 

illustrates  this  in  a  surprising  manner,  Yet  extraordinary,  then,  as  this  appears, 

and  proves  to  us,  that  however  diseased  it  is  not  more  inexplicable  than  the  com 

and  monstrous  in  its  shape  the  bone  mon  phenomenon  of  the  growth  of  an 

ma^  be,  yet  there  is  a  natural  law  ope-  infant  to  maturity.    There  is  a  living 

rating,  which  by  its  prevalence  will  over-  principle  which  is  permanent  while  the 

come  the  morbid  action,  and  from  a  material  changes ;    and  this  principle 

shapeless  mass  restore  the  bone  to  its  attracts    and  arranges,    dissolves  and 

natural  condition.  throws  ofiP  successive  portions  of  the 

This  disease  is  called  necrosis,  which  solids.    There  is  a  law  influencing  this 

word  signifies  the  decUh  of  the  bone  Hving  principle,  which,  in  its  operation 

merely  ;    but  it  is   death  in  very  pe-  on  the  material,  shapes  and  limits  the 

culiar  circumstances ;   a  new  bone  is  growth  of  every  part,  and  carries  it 

formied  around  the  old  one ;  a  large  through  a  regular  series  of  changes,  in 

and  clumsy  cylinder  is  fashioned  of  the  which  its  form  and  aptness  for  its  office 

earth  of  bone ;  in  the  hollow  of  which  are  preserved,  whibt  the  material  done 

the  shaft  of  the  old  bone  is  contained,  is  altered. 

After  a  long  time  the  old  bone  comes       The  influence  of  disease  will  for  a 

out  through  this  new  case,  and  with  time   disorder  this    modelling  process 

the  aid  of  the  surgeon,  it  is  altogether  and  produce  tumours  and  distortions  : 

withdrawn  from  the  limb.    During  all  but  when  at  length  the  healthy  action, 

this  process  the  patient  is  capable  of  that   is  the  natural    action,    prevails, 

supporting  his  weight  upon  that  limb,  these  incumbrances  are  carried  away, 

so  that  it  resembles  on  a  large  scale  and  the  fair  proportions  of  the  fabric 

that  change  which  we  have  described  as  are  restored. 

going  continually  on  in  the  molecules        It  is  very  pleasing  to  observe  the  dif- 

of  the  l>one ;  a  new  part  is  substituted,  ferent  means  employed  where  a  slight 

and  the  old  taken  away.  change    of  circumstances  demands  it 

If  workmen  were  to  take  away  a  pillar  This  earth  of  bone — ^the  phosphate  of 

in  the  following  manner,  their  work  would  lime,  is  changing  continually;  but  the 

resemble  the  process  of  necrosis :  first,  teeth  admit  of  no  change ;  they  consist 

they  must  rear  a  hollow  cylinder  around  of  earth  too— the  phosphate,  carbonate, 

the  old  pillar,  resting  on  the  plinth  and  and  fluate  of  lime.  Bocfies  calculated  for 

base,  and  extending  to  the  capital,  ai^d  such  vielent  attrition,  and  with  a  sur- 

having  secured  the  union  of  the  cylin-  face  so  hard  as  to  strike  fire  with  steel, 

der  at  top  and  bottom  to  the  extremi-  would  be  ill  accommodated  with  such  a 

ties  of  the  pillar,  they  must  take  away  property  of  changing  as  we  have  seen 

the  shaft,  or  middle  piece,  of  the  old  m  the  bones.    They  must  therefore  fall 

pillar  by  perforating  the  new  cyhnder.  out  and  be  succeeded  by  new  ones ;  ai^^ 

The  reeder  may  easily  imagine  that  this  process,  familiar  as  it  may  be,  is 
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very  curious  when  phtlowphieaDy  con-  the  «oetsi>rivy,  andtottmn^  to  its  fsll, 

sidered.  they  compare  with  oki  afi:e — with  the 

There  are  no  teeth  whilst  yet  the  in-  shrunk  Hmbs,  toftering  gait,  shixreOed 

Cunt  is  at  the  breast ;  and  when  they  face,  and  scattered  grey  hair  of  the  old. 
rise  they  are  attended  with  new  appe-        But  in  all  this  there  is  not  a  word  of 

tites,  and   a  necessity  fbr  change  of  truth.    Whilst  there  is  hfe  and  circu- 

food.     When  perfected  thqr    fiirm   a  lation  there  is  change  of  the  material  of 

range  of  teeth,  neat  and  small,  adapted  the  frame,  (and  there  is  a  sign  of  this 

to  the  child*s  jaws  and  the  size  of  its  if  a  broken  bone  unites  or  a  wound 

bones.    Were  they  to  grow  at  once,  or  heals.)     Ascril>e  the  distinction  to  the 

to  fan  out  at  once,  it  would  prove  a  rapidity  of  change,  to  the  velocity  of 

disturbance  to  the  act  of  eating.    They  cireulation,or  to  the  moreor  less  energy 

fiUl  in  successkm ;  their  fiuigs  are  ab-  of  action ;  but  with  the  antiquity  of  the 

sorbed,  they  are  loose  and   jangling,  material  it  can  have  nothing  to  do.  The 

and   are   easily  extracted.     But  now  roundness   and   fulness  of  flesh,  the 

comes  the  question,  why  are  these  teeth  smoothness,  transparency,  and  colour  of 

of  the  infant  old  at  six  years?     Why  are  the  cheek,  belong  to  youth,  a^  charac 

those  that  are  to  succeed  and  be  station-  teristic  of  the  time  of  life,  not  as  a  neces- 

ary  for  a  series  of  years,  to  germinate  and  sazy  quality  of  the  material !   Is  there  a 

grow    at  the  appointed  time  like  the  physiognomy  in  all  nature — among  birds 

buds  in  the  axilla  of  a  leaf?      And  and  beasts,  and  insects  and  flowers— and 

when  iiiUv  formed,  why  do   they  re-  shaU  man  alone  have  no  indksation  of 

main  perfect  for  sixty  years  inst^id  of  lus  condition  in  the  outwanl  form  and 

six ;  Jl  the  end  of  which  term  the  first  character? 

set  were  okl  and  decayed  ?  No  difiPer-  The  distinctions  in  the  body,  apparent 
ence  can  be  ol^served  m  the  material  of  in  the  stages  of  life,  have  a  deeper 
the  teeth  of  the  first  or  second  set.  source  than  the  accidental  efflects  of  the 
The  one  will  be  as  perfect  As  the  other  deterioration  of  the  material  of  the 
after  remaining  a  hundred  years  in  a  frame.  The  same  dianges  which  are 
chamel  house.  Can  any  one  refuse  his  wrought  on  the  structure  of  the  body  in 
belief,  then,  when  he  sees  so  accurate  youth  and  in  the  spring  of  life  are  going 
a  mechanical  adaptation  of  the  teeth  to  on  in  the  last  term  of  life  ;  but  the  fa- 
their  places  and  their  offices;  can  he,  we  brie  is  rebuilt  on  a  different  plan.  Tlie 
say,  refuse  assent  to  this  also,  that  law  of  the  formation  is  still  mhert^nt  in 
there  is  a  law  impressed — a  property  the  life  which  has  hurried  the  material 
by  which  the  milk  teeth  shall  fail  and  of  the  body  through  a  succession  of 
be  discharged  from  the  jaw  in  six  changes ;  and  each  stage,  from  the  em- 
years,  whilst  the  others  will  last  the  bryo  to  the  foetus,  the  foetus  to  the 
natural  life  of  the  adult,  if  not  injured  child,  from  that  to  adolescence,  to  ma- 
by  accidents  to  which  all  parts  are  sub-  turity,  and  to  the  condition  of  old  age, 
ject  ?  This  is  not  the  only  instance  in  has  its  outward  form,  as  indicative  of 
which  parts  of  the  body  lie  dormant  for  internal  qualities,  but  not  of  the  per- 
a  term  of  years,  and  are  at  a  particular  fection  or  imperfection  of  the  gross  ma- 
pcriod  of  life  developed  and  perfected  terial.  We  might  as  well  consider  the 
•—-and  which  have,  we  may  sav,  their  difference  in  the  term  of  life  of  the  an- 
time  of  infancy,  perfection,  and  decay,  nual  or  biennial  plant  as  compared 
whilst  yet  there  is  no  material  deterio-  with  the  oak,  or  the  ephemeris  tiy  as 
ration  observable  in  the  general  frame,  compared  with  tlie  bird  that  ha\Nks  at 

We  are  thus  brought  to  the  considera-  it.  to  be  in  the  qualities  of  the  matter 

tion  of  a  question  which  has   not  yet  which  forms  them,  as  that  the  outward 

been  fairly  stated.  characters  of  the  different  stages  of  hu- 

Those  who  say  that  life  results  from  man  life  arose  from  the  perfection  or 

structure,  and  that  the  material  is  the  imperfection  of  the  material  of  the  body, 

ruling  part,  bid  us  look  to  the  con-  Not  only  has  every  creature  its   aj)- 

trast  of  youth  and  age.    The  activity  of  pointed  term  of  hfe,  but  we  have  shown 

limb  and  buoyancy  of  spirit  they  consi-  that  parts  of  the  human  body  do  not, 

der  as  a  necessary  consequence  of  the  in  this  respect,  bear  a  relation  to  the 

newness  and  perfection  of  organization  whole ;  organs  are  changed  and  disap- 

in  youth.    On  the  other  hand,  a  ruined  pear  ;  others,  in  the  mean  time,  at  their 

tower,  unroofed,    and    exposed    to  be  regulated  period,  shoot  to  perfection, 

broken  up  by  alternation  of  frost  and  and  again  decay  before  the  failure  of 

heat,  dryness  and  moisture,  wedged  by  the  Ixxly.    What  can  more  distinctly 
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show  that  it  is  the  principle  of  life  that  It  is  this  familiarity  with  the  Qualities 
directs  all ;  andthiU  on  it  the  law  is  im-  of  a  living  body,  and  a  habit  or  seeing 
printed  wtiich  orders  our  formation,  and  without  inflection,  which  has  made  it 
all  the  revolutions  we  undergo.  The  necessary  to  cany  the  reader  through  so 
material  of  the  body,  solid  and  fluid,  b  long  a  course  of  observation  and  reason- 
moved  by  this  influence,  and  varies  every  ing  to  excite  attention  to  the  admirable 
day,  part  by  part  dyin^  eveiy  hour,  and  structure  of  his  own  finme,  and  its 
renewed,  until  the  series  of  its  changes  adaptation  to  the  earth  we  inhabit-^ 
on  the  ^ss  material  of  the  Ixxiy  is  to  perceive  that  every  thing  is  formed 
accomplished  in  an  entire  and  final  se-  with  a  strict  relation  to  the  human 
paration.  faculties  and   organs,  to    extend   our 

The   grand   phenomena   of    nature  dominion  and  to  multiply  our  sources 

make  powerful  impression  on  our  ima-  of  enjoyment.    It  is  by  seeing  the  plan 

eination,  and  we  acknowledge  them  to  of  Providence  in  the  establishment  of 

be  under  the  guidance  of  Providence ;  relations  between  the  condition  of  our 

but  it  is  more  pleasing,  more  agreeable  to  being  and  the  material  world,  that  we 

our  telf-importance,   it  gives  us  more  learn  to  comprehend  that  unity  of  de- 

confidence  m  that  Providence,  to  disco-  sign  in  the  creation  in  which  we  form 

ver  that  the  minutest  changes  in  na-  so  great  a  part, 

lure  are  eaually  His  care,  and  that  "  all  This  exaltation  of  our  nature  ii  not 

things  do  nomage."  like  the  influence  of  pride  or  common 

Although  it  be  true  that  evefy  thing  in  amlntion.    We  may  use  the  words  of 

nature,  Ming  philosophically  contem-  Socrates  to  his  scholar,  who  saw  in  the 

plated,  will  1^  to  the  same  conclusions,  contemplation  of  nature  only  a  proof  of 

yet  the  occurrences  around  us  steal  so  his  own  insignificance,  ana  concluded 

imperceptibly  on  our  observation,  all  '*  that  ttie  gods  had  no  need  of  him,** 

the  objects  of  nature,  or  at  least  vege«  which  drew  this  answer  firom  the  sage : 

table  and  animal  productions,  grow  up  **  The  greater  the   munificence  they 

by  so  slow  a  process  by  our  side,  that  we  have  shown  in  the  care  of  thee,  so 

do  not  consider  them  at  all  in  the  same  mudi  the  more  honour  and  lervioe  thou 

way  as  we  should  do  if  they  started  sud-  owest  them  !** 
denly  upon  our  vision. 
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Aherneihift  rules  respecting  diet.  Ah,  Phyt,,  49 

Abiet  pieea,  peculiarity  of  the  roots  of,  Bot.,  10 

Abortion  of  plants  defined,  Bot,,  57 

Abtorbtd  substances  considered^  An,  Pky*.,  127 

Absorbent  glands  are  living  eudosmometers.  An,  Pht/t,,  126 ;  system,  122 ;  recremeniitioas, 
127 ;  excrementitious,  16. 

^Afor/)/io/i,  united  with  secretion,  produces  nutrition,  yf it.  PAy«.,  121;  deficient  in  ferer, 
ib, :  too  great  in  dropsy,  ib.;  theory  of,  125 ;  operates  upon  solids  as  well  as  upon  fluids, 
127. 

Acidt  considered,  Bo/.,  102 ;  their  combination  with  alkalies  treated  of,  Chem,f  23;  many 
adds  are  not  volatile,  89 

>^c/</,  hyponitrous,  defined  and  described,  CA^'m.,  20;  nitrous,  16.;  nitric,  t6.;  hydronitric, 
Tery  useful  in  the  arts,  21 ;  muriatic,  how  obtained,  24 ;  chloric,  26  ;  iodic,  29 ;  hydri- 
odic,  16. ;  hydro-sulphuric,  or  oil  of  vitriol,  31 ;  hy|)o-sulphurous,  32  ;  hvpo-sulphuric, 
ib,s  pure,  anhydrous,  phosphoric  acid,  how  obtained,  34;  glacial  phosphoric,  16.;  hy- 
dro-phosphorous, t6;  hypo-phosphoious,  35;  carbonic  described,  39;  carbonic  exists 
in  the  blood,  An,  Phyt,,  109  ;  boracic,  how  obtained,  Chem,  47 ;  compounded  with  al- 
kaline, constitute  salts,  48 ;  antimonious,  62 ;  aptimonic,  63 ;  tungstic,  64 ;  chromic,  ib, ; 
molybdous,  65 ;  molybdic,  ib;  arsenious,  65 ;  arsenic,  ib. ;  manganeseous,  70 ;  manga- 
nesic,  ib,;  hydro-fluoric,  81,  82;  fluo-silicic,  82;  flno-boric,  83;  hydro-cyanic,  or 
prussic,  83,  84;  cyauous,  84;  cvanic,  ib,;  fulminic,  ib,;  chloro-cyanic,  85;  sulpho- 
cyanic,  ib.;  ferro-cyanic,  86 ;  hydro-acids  and  their  compounds,  86 — 90 ;  most  essential 
to  plants,  Bot,y  81 ;  in  plants,  decomposed  by  sun-light,  85. 

Acrogent,  Bot.,  18 ;  defined,  160. 

Action  of  the  heart,  An,  Phys,,  78 — 80 ;  An,  Afech,,  35 ;  the  blood  returns  from  the  body 
by  veins  into  the  sinus  or  auricle,^/!.  Aleck,,  35;  the  sinus  surrounded  by  muscular 
fibres,  by  the  distension  of  which  the  sinus  contracts  and  propels  the  blood  into  the 
▼entride,  t6. ;  of  the  valves,  16.;  of  the  arteries  on  the  circulation,  An,  Pkys,,  80;  of 
the  veins  on  the  circulation,  82 ;  reciprocal,  of  the  air  and  blood,  107 

Adheiion^  Bot.,  57  ;  all  contiguous  parts  of  plants  liable  to  grow  together,  ib. ;  healing 
by  means  of.  An,  Phyg,,  61 

Ado/phe  Brongniart,  Bot.,  29,30 

Adventitiout  leaf-buds,  Bot,,  120 

Aeri/orm  bodies,  method  of  collecting  and  examining,  Chem.,  10 '-12 

Affinity,  chemical,  defined,  Chem,,  2  ;  single,  elective,  7  ;  double,  e\eAi^o,ib, ;  many  cases 
of>  how  explained.  88 

Agenti,  external,  acting  upon  the  vital  principle  of  plants,  Bot,,  79 

Air,  atmospheric,  necessary  to  the  renovation  of  the  blood.  An,  Phyn,,  65  ;  and  blood,  re- 
ciprocal action  of,  107 

Air-cellt  of  plants  described,  Bot,,  72 ;  of  the  lungs,  An,  Phys,,  99 

Albumen,  of  the  blood,  An,  Phyt,,  56 ;  the  substance  which  surrounds  the  embryo,  Bot,, 
156 

Aicoko/,  a  solvent,  which  acts  upon  a  limited  number  of  salts,  Chem,,  88 

jiiiment  it  either  solid  or  fluid.  An,  Phyt,,  37  ;  solid,  digestion  of,  ib, ;  converted  into 
chyme,  •&.;  chyle,  16.;  eflRfct  of  saliva  upon,  38  ;  arrangement  of,  in  the  stomach,  39 

Alkaliet  and  acids,  two  great  classes  of  bodies,  Chem,,  22  ;  their  combination  treated  of, 
23 ;  salta  of  ammoniai  49;  found  in  many  different  parts  of  a  plant,  Bot,,  102 
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Alkaiine  metals  treated  of,  Ckem,y  71 

Allojft  of  antimony,  Chem,^  63 ;  of  tin  with  copper,  form  bronze  and  bell-metal,  67 ;  of 
line  with  copper,  form  brass,  69 ;  of  sine,  ib, ;  of  iron,  ib, ;  of  potatsium,  72 

Aip*t  SaiiS8ure*8  sensations  on  the  summit  of  the.  An,  Phys.t  104 

A/»tm,  a  double  salt,  how  composed,  Ckem,,  106  { much  used  in  the  aits,  ib. ;  an  astringent, 
ib, ;  the  principal  ingredient  of  Romberg's  pjrophorous,  ib, 

Alttmine,  sulphate  of,  CArm.,  106  ;  salts  of,  1*22 

Aiinninumt  described,  Chem.,  77,  78  ;  it  possesses  a  metallic  lustre,  ib,  ;  oude  of,  or  ala- 
mine,  78 ;  chloride  of,  ib. 

Amalgam  of  silver,  Chem.,  55  ;  of  gold,  56 ;  used  for  an  inferior  kind  of  plating,  •&. 

Amalgams  defined,  Chem.,  55  ;  are  soil  solids,  ib. 

Ammonia^  violent  effects  of,  experiments  on,  Chem,y  22  ;  or  nitrogen  with  hydrogen,  21 ; 
how«obtained  indirectly,  ib,;  its  aqueous  solution  very  useful,  22;  when  acted  uponbj 
chlorine,  50 ;  hydriodate  of,  described,  50  and  102 ;  sulphite  of,  cr}'stallises  in  cubes, 
50  ;  sulphate  of,  described,  ib  ;  muriate  of,  ib, ;  sesqui-carbonate  of,  51 

Ammonia^  carbonate  of,  Chem,,  51  ;  bi*carbonate  of,  ib. ;  hydro-sulphate  of,  ib, ;  hydro-fluale 
of,  117;  salts  of,  122 

Ammoniac,  sal,  in  commerce,  or  muriate  of  ammonia,  Chem.,  50 ;  prevents  the  osidatioB  of 
the  surface  of  copper  in  tinning,  ib. 

Amniot,  the,  surrounding  the  embr)'o  of  a  plant,  Bot.,  157 

AmpuUulir,  two  magnified,  turgid  with  chyle,  An.  Ph^M.,  123 

Analogw  between  the  structure  of  the  human  body  and  the  works  of  art  is  not  perfect,  Am. 
Meek.,  2 

Ana/ytis,  chemiea},  defined,  Ckem.,  13;  tubular,  ftc,  Bot.,  203—208;  dichotomoos,  &c.i 
208—213 ;  of  *  Lindley*s  Syiitem  of  Botany,'  161—192 

^nat/omote,  the  term  explained.  An.  Phyn.,  16 

Anatomical  structure  of  a  leaf,  Bot.,  31 

Anatcmif  of  the  pulmonary  system.  An.  Pk^M.,  93  ;  thorax,  a  conical  cavity,  ib. ;  steranm, 
ib.;  spine,  with  vertebra,  94 ;  too  little  cultivated  by  men  of  science,  ^n.  AfecA., 29; 
the  theury  of  life  ought  to  ,be  studied  as  a  preventive  to  scepticism,  30  ;  the  microcosm 
of  man^s  body  no  less  wonderful  than  the  planetary  system,  ih. 

Antlrtrceum,  Bot.,  38 

Anecdote  rcspeclini;  a  pupil  of  Dr.  Hunter,  An.  Mvvh.,  50,  51 

Aneuriam,  An.  Mtch.^  45 

Anhydrou*  acid,  Chmi.,  21 

Anima/sy  how  distinj^nished  from  vogetahlcs,  ./w.  7Viy.v.,  8;  separable  by  vertical  line  into 
equal  parts,  9  ;  aud  plants,  diffcrunce  between,  Bot.,  '2 

Animal  body,  the  ultimate  dements  of,  An.  /'%«.,  10;  is  able  to  resiit  extremes  of  tem- 
peraturo,  109;  chanpfes  in  the  material  of,  considered,  ^/».  .l/rrA.,59;  economy  of  the, 
sufficiently  known  to  compel  us  to  acknowledge  an  Almighty  Creator,  30 ;  considered 
as  a  meie  hydraulic  machine,  34 — 15 

^/iwm/ system,  must  be  gradually,  not  suddenly,  broujrht  into  action,  ^/i.  J/^cA.,  20:  re- 
gulation in  the  army  resju'cting  horse-trainingj  ih. 

Animal  fluids  treated  of,  An.  7%*.,  11,  12;  solids,  considered,  13,  14  ;  heat  closely  con- 
nected with  respiration,  An.  Pht/s.y  1 10 

Ant  hen,  Bot.,  103 

AnUmony,  the  properties  of,  considered,  Chrm.,  fi2  ;  protoxide  of,  ib. ;  deutoxide  of,  or  snii- 
moniousacid,  t^.;  alloys  of.  G3;  peroxide  of,  or  antimonic  acid,i4. ;  proto-chloride  oU 
tb.  ;  bi-chlonde  of,  ih. ;  sulphuret  of,  ih.  ;  salts  of,  l'J4 

Antimont/cJt  &m\  AntimonintrH,  consuh'TMi],  Chnn.,  115,  116 

Antiseptic,  the  gastric  juice  is,  An.  Phyx.y  44 

Aorta,  or  systemic  artery.  An.  Phys.,  07 ;  figure  of  the,  71  ;  of  the  whalo,  73 

Apparutusy  pneumatic,  leaves  so  called.  Bot.,  31 ;  for  jimple  chemical  experiments,  Chem.. 
10 ;  what  it  is  in  animal  bodies,  An.  Phyn..  13  ;  of  the  circulation,  61  ;  circulaton*  plan  of. 
64;  digestive,  24  ;  nutritive,  lA. ;  respiratory,  99 ;  of  bones  aud  joints,  is  preserved  per- 
fect by  exercise,  An,  Mevh.,  28;  exercise  unfolds  the  muscular  system,  ih. 

Appetites,  compounded  of  both  a  physical  and  a  mental  operation,  Ah,  Phys,,  5 1 ;  are  brought 
about  by  the  intervention  of  the  nervous  system,  ib. 

^pplftree,  leaf  of,  Bot.,  29 
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Jqtia  regia,  formed  by  diitolving  sal  ammoniac  in  nitric  acid,  CImi.,  60 

jfrek,  sUmM}  centering  oft  jIm.  Meck^  5 ;  of  the  Bkull,  described*  6 ;  of  the  two  parieta 
bones,  exemplified ;  why  not  a  perfect  lemi-circle^  ib, ;  in  Roman  bridgei,  high  archei 
ib. ;  horizontal  thrust  of,  ib, 

jtrckeMt,  the,  of  Vanhelmont,  jin.  Mech,y  56 

^rcAi/«c/«re  of  the  skull,  Am.  Afeck„3 — 8;  Gothic,  exemplified,  7;  flying  battieas,6;  clere- 
story, ib, ;  anises,  a  technical  term  in,  4 

^r«at,  the,  of  the  branches  of  an  artery,  greater  than  the  diameter  of  the  parent  trunk,  An, 
Mech,,  40 

Areoi€Py  or  cells,  An.  PhyM,,  14 

Ari9todemui*9  reply.  An.  Mech.,  56 

Arrit0t,  a  technical  term  in  architecture,  Ah,  M0cM.f  4 

Artenic^  an  oxide  as  commonly  met  with,  Chem.,  65  (  acid,  ib, 

Artenioyi  acid,  or  w^te  oxide  of  arsenic,  Chem,y  65 

Artenitti  and  An^mateM,  how  distinguished  from  each  other,  Ckem,y  116, 117;  of  potash, 
117;  of  silTer,  ib, 

Aneniurelttd  hydrogen,  Chtm,,  65 

Arttriai  blood  is  the  proper  nutritive  fluid.  Ah,  Pkjft,,  53 ;  venous  not  so,  ib, 

Arterietf  endowed  with  a  high  degree  of  elasticity.  Ah.  Pkyt.,  21 

Arteriomt  ductus,  plan  of  the.  Ah,  PhyM,,  77 

Arierify  in  what  it  resembles  an  hydraulic  engine,  and  in  what  it  difibrs.  Ah.  Mech,,  34;  is 
a  cone  with  the  apex  in  the  heart,  40 ;  elastic  property  of,  44 ;  treated  of,  Ah.  Ph^fi,,  63, 
64;  the  capillary  arterial  branches,  64 ;  pulmonary,  65 ;  essential  to  the  circulation,  71 ; 
possesses  three  coats,  ib, ;  is  embedded  in  soft  substances,  72 ;  action  uf,  on  the  circula- 
tion, 80 ;  contractility  and  elasticity  of,  considered,  81 ;  bplenic,  117 

Ariicniata,  a  class  of  aiiimals.  Ah,  Ph^t,,  28 ;  the  leech  represented  by  a  figure,  ib. 

ArticMiatiHg  processes  laterally  on  the  body  of  the  lertebrB,  An,  Phys.,  94 

Artijleiai  ujT^tvm  of  botany,  Boi,,  196;  of  Jussieu,  ib, 

Arjftanoid  cartilages  vocalise  the  breath,  Ah.  Mech,,  52 

Atparagutt  how  examined,  Bot,,  70 

AiUriat,  the,  represented.  An,  Phyt,,  7 

Attragalut,  the  great  articulating  bone  of  the  fi>ot.  An,  Mech,,  17 

Atmotphere,  effects  of  vegetation  upon  the,  Bot,,  87 — 90 

Almotpherie  air,  essential  characters  of,  Chem,,  1 7  ;  renovates  the  blood.  An,  Pkyt,,  65 

AiiractioH  and  repulsion,  two  great  principles  of  motion,  Chem,,  1,2;  at  seosiblo  distances, 
excm{Ylified,  2 ;  at  insensible  distances,  ib. ;  three  degrees  of,  3 ;  elective,  4 ;  between  the 
particles  of  fluids  prevents  stagnation,  An.  Mech,,  35 

Auricle,  explained,  Ah,  Phyt,,  64 ;  right,  of  the  heart,  67 ;  left,  ib  ;  why  so  called.  An.  Mech., 
35,  note 

Auiomatie,  the  term,  as  applied  to  some  motions,  conveys  a  wrong  idea.  An,  Mech,,  ft! 

Axi»,  primary,  secondary,  tertiary,  Bot,,  34 

Axiom,  Linasan,  Bot.,  142 ;  ought  to  be  reversed,  143 

Axoie,  its  properties  defined,  Chem.,  17  ;  quantity  of,  in  atmospheric  air.  Ah,  Phjft,,  103 

B. 

Backbone,  or  spine,  represented.  An,  Phys,,  94 

Barilla,  nature  and  effects  of,  Chem.,  6 

Barium,  described,  Chem,,  75 ;  protoxide  of,  or  baryta,  ib. ;  peroxide  of,  id. ;  bromate  off 
100;  ioditeof,  102 

Bark,  running  of  the,  explained,  Bot,,  97 

Baryta,  or  protoxide  of  Barium,  Chem,,  75;  may  be  slaked,  like  quicklime,  ib. ;  sulphate  of, 

or  permanent  white,  105;  hypo-sulphite  of,  107;  hypo-sulphate  of,  108;  feiro*cyanate 

of,120 
Bargtet,  chlorate  of,  described,  Chem,,  95;  carbonate  of,  75 ;  nitrate  of,  91 
Base,  salifiable,  what  so  called,  Chem,,  49 
B^il-wttiai,  or  alloy  of  tin  with  copper,  Chotm,,  67 
B€Mth€mt,  obNmtioM  of,  quoted,  B^i.,  138, 141, 142 
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BtnmriiK,  hb  ohwifalioa^  Am.  Muk^  41 

Bi  <Ttoli  of  Mdpwi^lti  Brtw  MA^itel^  CUw^  51|  rff >toli,  lit;  |fffih>  J^ 

JK^^dHwilf  of  mcrtmy,  ar  cottwiw  wMiMitej  dtm.,  Wj  of  ■atj—ay,  hwr  ■lltiMi,  W 

Jtf  cAri >f#.of  potaahy  Gkak,  lU 

Bilf,  a  Mcnboa  oftho  lifw,  .4ik  Ayt^  41 

JMt,  Imv nwdo  ■fmibMwoll  •■  U^ila.  JKmI^  IS;  _ 

nftiiK^A.  JPUffS'BS  ftfkoffVhni  potdMd  mm  m  bnadh, 

19 
Mm««A,  dMciiM,  CIm.,  61 ;  diknido  of^il.;  oiideo(orflow«i  of,i»./ ollo7ao(ik; 

mKs  oI;  1S4 

BhMi^Afllt  of  potMh,  GI«M.,  105 

ifc*  mhAmnt  of  mMcaqry  Ht  nohno  aad  oAcIi^GIUm.,  54;  of  tfii»  fir— 1y  wlldl 
gaki,  67 ;  of  inm,  or  iioik  pynloi,  68 

Bi  mdpkurtU0d  hydrogon,  CKnii.,  S3  ^m 

MHMff«,c|liiidrietl,ofolMif|Bi#.»31;  oipootdtolliOMtiwof  oi%«i,ll« 

JBt^makimg  pmnd^Tf  or  chlorido  of  linOp  provontt  conHptm,  Ottm^  95 

BlMif,  tho,  MDie  phonovooa  of,  dowribod,  Jm.  Fhfa,^  18;  nplouMhod  by  ^y^  ^ll 
pttij ttmod fiti]»  59;  its  phfiieol  Moptilioa» ik, ;  wiMrt'nilr  tho  onoo  fai  oil  aal 
&7/  ittcoBiiaf«iO0,ift.;  ite  colour,  A. ;  ito  douMo  cbcidotSoaiattw  hiiihor  owimH  g; 
ortBTul,  vonoiis,  •&•/  its  tpoetfie  ^pn'ikft  ^i  Sto  ioBpmhu%  tk/  lis  rhipifol  |9ff- 

tioi^  54 ;  itt  cMMWiontHm,  Hi  otnun,  J5./  ito  coogpilatioo,  tki  iii  holita%  jki  mpi^  { 

A.;  itt  ndpoitidMor  globalo^t»./  iti tMBntr. 56 ;  Hi vHil nopoitM^ 56— Jl ;  orf-  . 

ckntM  octioa  ond  Mtkm,  57 :  III  fliiidily,58;  its  bidV eott, 59 ;  TlMelnk<)i onpn-  | 

»ont»ontho,60|yiaatitrof,latliobodir,69;kodoltMoniUOililidoi4ofMiiia^  i 

6h  tlio  dranktMHi  of,  i5.;  wpotolai  Ibr  tlio  ciieabtioa  o^tkrflgnniar  dnriS^  1 

oppontni  of ,  64 ;  icaBtj  in  6im^  65 ;  of  •mBlubiowaBfaBohoalyolif^<lroteA4L66;  \ 

warm  of  tho> «  «m«» coawdoiid,  7S;  qooashr oft  oiitolotiog  «  mi»  75;  iiowW  : 

wbidiHcireidolw,78;  oolireeiionlatioiioftiniinain  I 

iltdby  rit|nrt^n,87;¥onoi»,  iMvcoBfotteliiito/Btoiioldia^  { 

f   H^uds  of  tho,  in  ffUadulu  portion  of  tho  homui  bodj,  116 1  ■otipocol  ams  of  Urn  > 
air  and  blood,  107 ;  coming  back  from  tho  body  haa  pfrtod  with  diffnoni  pioy tim  ia 

the  BOf  eral  organs,  An,  Mech.,  34 ;  the  attraction  between  the  particles  of  fluids  piefeati  ; 

any  stagnation  even  in  the  remotest  recesses  of  the  circulating  vessels,  35 ;  like  a  stnaa  ^ 

of  water  carried  through  a  cittern,  it  will  draw  out  and  empty  the  cavitiea  of  the  haul,  I 

ib, ;  does  not  flow  uniformly ;  the  stroke  of  the  heart  is  more  concentrated  than  that  of  \ 

the  arteries,  44,  note  T 

Body,  the,  is  formed  with  reference  to  the  mind,  An.  Mech,,  1 ;  its  liability  io  fracture  is  ao  f 

imperfection  in  the  frame  of,  ib,;  how  enabled  to  stand  upright,  16;  the  best  posiCisa  \ 

of,  20 ;  considered  as  a  mere  hydraulic  machine,  34 ;  peculiar  proportice  of  life  ia,  46 ;  > 
animal  changes  in  the  material  of,  considered,  59 ;  its  machtneiy  ever  now,  ib.;  of  tho 

vertebrae,  An,  Phjft.,  94  ^ 

Bwnet  of  the  head,  spine,  and  chest,  admirably  desifned.  An.  Meek,,  1^31 ;  of  tho  head,    I 
enumerated,  4,  5;  of  the  human  body,  cylindrical,  12;  how  composed,  14;  the  cci^    ' 
or  long  bones,  are  cylindrical,  ib.;  the  extremities  are  expanded  and  caneeUafted,  ift.; 
cancelli,  or  lattice-work*  i6. ;  are  not  capable  of  sustaining  an  animal  greater  than  an 
elephant,  »6.;  head  of  the  thigh-bone,  i6. ;  inner  trochanter,  i^.;  (hmi  one  sin|de  booe    ' 
or  fragment  of  bone  an  accurate  idea  of  the  whole  animal  may  be  foroMd,  16 ;  uo  skill 
of  a  Cuvier,  ib, ;  wonders  disclosed  by  the  fragment  of  a  bone,  ib.;  of  tho  ieet,  ib.;  of 
the  leg,  represented,  19 ;  muscles  fixed  into,  24  ;  bone,  gristle,  and  ligament,  insonnble 

to  pricking,  cutting,  and  burning,  51 ;  but  sensible  to  stretclung  and  tearing^  ib.; 

supposed  to  be  a  concrete  juice,  60 ;  experiments  on,  i^. 

BookM  on  animal  economy.  An.  Meek.,  30 

Boracic-acid,  described,  Chem,,  A7 

Boraiei,  described,  1 15 ;  of  soda,  or  borax,  ib.  i 

A>rax,  a  salt  imnortedfrom  India,  Chenu,  47;  in  its  impure  state  called  tincal,  ib.;  also 
called  borate  of  soda,  115  1 

BoreUi,  the  famous  demonstration  of.  An.  Meek.,  18 ;  his  representation  of  a  bird  asleep    ( 
upon  a  branch,  19  i 

Boron,  an  olive-coloured  substance,  how  obtained,  Ckem.,  46 

Bo/oMica/descripUons,  importance  of,  Bot.,  214;  viola  tricolor  desctibod  ia  ffonoric  and  spf 
cific  characters,  218;  register,  47  .1 
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nated,  26;  tripinaation,  i6. ;  Bupra-decompoimd,  ib.;  scimeter-shaped,  27 ;  axe-shaped, 
ih. ;  oblique,  ib. ;  phyllodia,  ib, ;  ipinet,  ib,  ;  equitant,  28 ;  pellate,  ib, ;  perfoliate-leaf,  ib, ; 
synochreate  or  hypo-glottideous,  32 ;  bracts,  33;  spathe,  t6.;  involucre,  in volu eel,  i6.  / 
primary,  secondary,  tertiary  axis,  34 ;  spike,  ib, ;  amentum,  i6. ;  spadix,  i6. ;  umbel, 
3.3;  raceme,  i*.;  thyrse,  ib, ;  centrifugal,  ib,;  cyme,  36;  glomerule,  i6. ;  fascicle,  t6. ; 
])crianthor  perigone,  t^.  ;  valvate,  ib. ;  imbricated,  ib.;  twisted,  ib. ;  polysepalous,  i6. ; 
asepalous,  ib. ;  papilionaccouji,  38 ;  vexillum,  ib. ;  keel  or  carina,  i6. ;  coronals,  ib, ;  fila- 
ment, ib.  ;  anther,  ib. ;  connective,  39  ;  suture  or  line  of  dehiscence,  ib. ;  flattening,  lA.; 
distension,  i6. ;  contraction,!^.;  monadelphous,  41 ;  di-adolphoux,  t6.  ;  poly-adelphuus, 
ib, ;  syngenesious,  ib. ;  column,  ib. ;  gyn-androus,  ib. ;  hypo-gynous,  ib, ;  peri-ginous,  ib, ; 
epi-ginous,  ib. ;  pistil,  42;  gyncsceum,  ib, ;  carpels,  ib,;  ovary  and  ovules,!^.;  style, 
stigma,  i6. ;  i)lacenta,  ib. ;  apo-carpous,  43;  syn-carpous,  ib. ;  gynubase,  ib, ;  phragmata, 
44 ;  free-central  placenta,  4.) ;  free-basal  placenta,  ib, ;  nucleus,  46  ;  membranes,  pri- 
mine,  sccundine,  tercine,  quartine,  ib, ;  erect,  ib. ;  ascending,  ib, ;  pendulous,  t6. ;  sus- 
pended, 47 ;  horizontal  or  peltate,  ib. ;  definite,  ib, ;  indefinite,  ib, ;  disk,  t6. ;  epicarp, 
48;  sarcocarp,  ib,;  endocarp,  ib.;  ventral  suture,  ib,  ;  septicidal,  i6. ;  loculicidal,  ib. ; 
follicle,  49 ;  legume,  ib, ;  achenia,  50 ;  lomenta  or  lomentaceous,  ib, ;  cariopsis,  ib, ; 
utricle,  51 ;  nut,  ib.;  key,  ib,  ;  drupe,  ib,  ;  siliqua,  ib. ;  capsule  defined,  ib.;  raphe,  53; 
chalasa,  i6.  ;  micropylo,  ib,  ;  Iiilum  or  eye,  ib.  ;  testa,  ib.;  umbilical  cord,  54  ;  aril,  ib.; 
albumen,  ib. ;  rummuted,  ib. ;  vitellus,  ib,  ;  embryo  considered,  55;  plumule,  ib.; 
radicle,  ib. ;  abortion,  57;  degeneration,  ib. ;  adhesion,  ib.;  morphology,  58;  fibro- 
membranous,  66 ;  cellular  tissue,  65 ;  dotted  ducts,  67  ;  woody  tissue,  68 ;  vascular 
tissue,  69  ;  spiral  vessel,  ib.  ;  intercellular  passages,  71  ;  turpentine  vessels,  ib.  ;  recep- 
tacles of  oil,  t6.;  fiir-cells,  i6.;  extensibility,  74  ;  elasticity,  i6. ;  contraction,  i6. ;  hygro- 
metrical  properties,  75  ;  endosmose,  76  ;  irritability,  77  ;  excitability,  78  ;  sensibility,  ib, ; 
external  agents,  79 ;  spongioles,  83  ;  digestion,  84 ;  respiration,  87  ;  circulation,  90 ; 
raphides,  98 ;  amorphous,  ib, ;  hydro-carbonates,  99  ;  vegetable  secretions,  98 ;  vegetable 
excretions,  103 ;  maiivuises  herbes,  105  ;  flowering,  ib,;  watches  of  flora,  106;  fertilisa- 
tion, 107;  caprification,  t6. ;  sexuality,  108;  pollen-tubes,  109;  ipollen-masses,  111; 
fruiting,  113;  germination,  116;  sporulcs,  117;  chromule,  120;  intermittent  odours, 
126;  duration,  132  ;  dimension,  133;  surface,  ib. ;  form,  134;  division,  ib, ;  numerical 
proportion,  ib,;  colour,  135;  polypetalous,  195;  monadelphia,  199 

Bractif  form  involucre  and  involucel,  Bot.,  33;    imperfectly-formed  leaves,  60;  starred 

.  leaves^  15 1 
Brain,  the,  how  protected,  An.  Mech.y  3;  the  vibration  of.  to  be  guarded  against^  ib, 
Branchiity  or  gills,  An.  PhyM.,  65 

Brass,  how  silvered,  Chew.,  54  ;  is  an  alloy  of  zinc  with  copper,  69 
BreasUbone,  or  sternum,  represented,  An.  Phys,,  93  • 

Breathing-pore,  or  stomate,  in  plants,  Bot.,  7 
Bromates,  described,  Chem.,  100;  analogous  to  chlorates,  ib, 
Bromate  of  potash,  Chem.,  100  ;  of  baryta,  i6. 
Bromic  acid,  how  obtained,  Chem,,  28 
Bromine,  defined,  and  how  obtained,  Chem.,  27  ;  is  a  fluid  of  a  hyacinth-red  colour,  28 ; 

chloride  of,  ib. 
Bronze,  or  alloy  of  tin  with  copper,  Chem.,  67 
Budding,  a  process  in  gardening,  Bot.,  20 
Bnffycoat  in  the  blood,  the  phenomena  explained,  An,  Phys.,  59 
Bntb,  described,  Bot.,  13 
Byrnet,  Professor,  Bot.,  88 
Bursa  mucosa,  the,  in  the  body,  are  like  friction-wheels  in  machinery.  An.  Mech.,  28,  and 

note 
Bursariar,  the  lowest  order  of  polypes,  described.  An,  Phys.,  26 

c. 

Cables^  the  process  of  making,  An,  Mech.,  22 
Cadmwimt  described,  Chem,,  69 ;  oxide  of,  ib.;  salts  of,  124 

Ote/cwiMy  how  obtained,  Chem.,  74;  protoxide  of,  or  lime,  ib,;  deutoxidc  of,  ib,;  chloride 
o^  ib.s  fluoride  of,  177;  found  in  enioial  bodies,  An,  Phys,^  IQ 
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Caivmei,  how  compoted,  Ckewu,  6 

Cai0rie,  tends  cotutantljr  to  an  equilibrittm,  Jm.  Pkif$,^  109 ;  in  man^  i^. ;  temperatnte  io 
the  tlug-worm,  110 ;  it  cIomIj  connected  with  the  consumption  of  air,  ih,;  renons  Mood 
has  less  capacity  for  H  than  arterial,  ib, ;  how  equalised  in  every  part  of  sjttem,  ib, 

Caharia^  the  roof  of  the  skull,  An^  Meek,,  6 

CaljfXj  Boi.,  37  ;  is  used  to  distinguish  order,  151 ;  its  ostiTation,  152 

CatmsUj  their  pecnliarities  described,  Ah»  Meek,,  54 

Canai  for  containing  the  spmal  manow,  represented,  Jn.  Pk^t,,  94 

CaMctUi,  or  lattice-woik  of  the  bone.  An.  Meck.^  14 ;  of  the  thigh-bone,  represented,  ih, 

Cacmlckame  bottle,  adduced  as  an  illustration,  An,  Pky,,  83 

Ct^illmy  arteries  are  the  architects  of  the  syitem.  An.  Pkyt,,  51 ;  these  blood-vessels  se- 
cenary  to  secretion,  114;  secrete  fluids  as  well  as  animal  solids,  •&.;  the  number  of 
gang^onic  nerres  are  proportioned  to  them,  116  ;  their  attraction  influences  the  abtoip- 
tion,  126 

Capri/catiom,  Bot.,  107 

Captuie  of  plants,  Bo/.,  51 ;  berried,  t6. 

Carbon  described,  Ck9m..t  38 ;  known  also  by  other  names,  ib.  ;  per-chloride  of,  described, 
43,  44 ;  chloride  of,  ib. ;  sub-chloride  of,  •&. ;  sulphuret  of,  45 }  triple  combinatioos  of, 
•6. ;  is  fixed  in  plants  by  sun-light,  Sot.,  85 

Carbonate  of  ammonia,  how  formed,  Ckem.,  51 ;  of  varytes,  75;  of  soda,  113 ;  of  Taijrii, 
ib.;  of  magnesia,  114  ;  of  iron,  ib.j  of  copper,  ib.;  of  lime,  ib,;  of  lead,  1 6. 

Carbonaiet,  112—114;  of  potash,  112 

Carbonic^cid  described,  Ckem.y  39 ;  most  essential  to  plants.  Bo/.,  81 ;  its  effects  on  le- 

spiration.  An.  Pkys.,  104 ;  renders  arterial  blood  Tenous,  107 ;   oxide,  by  what  proccu 

procured,  Ckem.,  38 

Carburet  of  nitrogen,  or  cyanogen,  described,  Ckem.y  44 ;  of  iron,  or  plumbago,  69 
Carbmretted  hydrogen,  how  obtained,  C-kem.i  41 
Carpe/,  Bot.^  42  ;  a  modification  of  a  leaf,  GO 

Carpentry  of  the  head,  An,  Mech.j  2  ;  truiis,  a  term  used  in,  5  ;  collar-beam,  ib.;  tie-beam, 

ibi ;  a  straining-piece,  i6.;  the  puncheons  of  roofs,  6 

Cartiiages  of  the  ribs  assist  respiration,  An.  Afech.,  10  ;  elasticity  of,  fails  in  old  age,  12; 
are  highly  elastic,  An.  Phyg.y  21  ;  intervertebral,  94 

Cartiiage  of  the  bone  made  elastic  by  filaments,  An.  Mcch.,  17 ;  the  surface  sndboth  and 
lubricated  by  synovia,  ib. 

Ca»9iu8f  purple  of,  used  in  enamel-painting,  Chem.^  9 

Oisfor^  a  secretion  from  the  beaver,  An.  Phys.^  119 

Caudexy  or  trunk,  ascending,  descending,  Bot.y  10 

Caustic,  lunar,  used  in  surgery,  how  formed,  Chem  ,  93 

Cellular  or  vesicular  tissue,  Bot.,  65 — 68 ;  serves  as  a  filter,  ib. ;  is  the  cause  of  the  elasticity 

of  the  hi'art,  An.  Phys.y  79  ;  the  tissue  described,  14  ;  its  globular  structure  discovered 

by  microscope,  18 

Centering  of  an  arch,  An.  Meek.,  5 

Centrifugal  fTTovrih,  Bot.,  19 

Cerium,  some  of  its  properties,  Chem.,  62;  protoxide  of,  ib.;  peroxide  of,  ib. 

Cervical  vertebrao,  described,  An.  Ph^,  1)4 

Chaloza,  its  effects  on  the  kernel  of  the  seed,  Bot.,  53 

Chameleon,  mineral,  how  obtained,  Chem.,  70 

Changes  in  the  material  of  the  animal  body  during  life  considered,^/?.  Meek.,  59—63 ;  ths 
process  described,  59 

Characters,  essential  and  natural,  of  plants,  Bot.,  219—222  ;  how  the  bases  of  the  different 

salts  are  characterized,  Chem.,  120 125 

Charcoal,  or  carbon,  how  prepared,  Chem.,  38 

CAfwriW  properties  of  the  blood,  An.  Phus.,  54  ;  affinity  defined,  Chem.,  2 ;  evaporation, 
4;  distillation,  i6.;  saturation,  i6. ;  fixed  air,  5;  cohesion,  t6.  /  elasticity,  lA. ;  solution 
and  solvents,  4 ;  composition,  5  ;  decomposition,  9 

Chest  the  bones  and  cartilages  of.  An.  Mech,,  11  ;  the  ribs  protected  by  cartilage,  ib. ;  in 
old  age  It  becomes  bony,  i6.;  exspiration  and  inspiration  of,  assisted  by  the  elastic 
cartilage,  i6.  * 

Wratu  described,  CAm.,  94, 95 ;  analagooa  to  bromates,  100 
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Chlorate  of  potaah  is  obtained  crystalised  in  rhomboidal  scales^  Ckem*,  94  ;  of  lods,  ai- 
Kumes  the  form  of  cubic  crystals,  ib. ;  of  barytes^  95 

Chloric  ocidj  Chem.^  26 

Chiorideg  and  muriates,  fully  considered,  Chem,,  96—100  ;  how  decomposed,  97 

Chtoride,  what  bodies  so  called,  Ckem,,  26  ;  of  nitrogen,  ib, ;  of  bromine,  described,  28 ; 
of  carbon,  44  ;  of  silver,  54  and  97  ;  insoluble  in  alcohol,  ib.  ;  of  lead,  59 ;  of  bismuth, 
61 ;  of  zinc,  69  ;  of  potassium,  72  ;  of  sodium,  73  ;  of  calcium,  74,  75  ;  of  barium, 
76;  of  aluminum,  78;  of  lime,  prevents  contagion,  95  :  of  silver.  97:  anhvdrout  of 
gold,  97,  98  ;  of  platiuum,  98  ;  of  cobalt,  99  '         yu  o  ■  oi 


Chloro-c^anic  acid,  Chem,y  85 

Chordtr^  tendineae,  resemble  ropes  called  *heet$  of  the  sail,  jin»  Mech,^  36  j  vocalet,  52 

Chromate$t  Chem.,  116  ;  of  potash,  i^. 

Chrome,  salts  of,  Chem.,  123 

Chromic  acid,  how  combined,  Chem.,  64 

Chromium,  its  nature,  Chem,,  64;  protoxide  of,  i6. ;  dentoxide  of,  ib. 

Chromit/e,  colouring  matter,  Bo/.,  120 ;  causes  the  paleness  in  flowers,  from  not  being 
completely  elaborated,  123 

Chyle,  \VL  the  animal  body,  furmat ion  of,  y^/r.PAyt.,  41  ;  chyme  is  converted  into,  ib,;  a 
white  fluid,  ib.;  globules  of  the,  42 ;  absorbed  by  lacteals,  51 ;  replenishes  the  blood,  ib. 

Chtflification,  the  organs  of,  considered,  An.  Phyt.y  33 ;  their  figure,  ib. ;  formation  of 
chyle  considered,  4 1 

Chyme  considered.  An,  Phys.,  40 ;  vegetable  differs  from  animal,  ib,  ;  mixed  with  bil«,  41 

Chymijication,  the  organ  of.  An.  Phys.y  32;  the  process  is  performed  by  the  stomach,  i^.; 
chyme,  40  ;  muriatic  acid  is  present  during  the  process  of,  44 

Cicero,  An,  Mech  ,  33 

Cinnabar,  Chem.,  53 

Cinnamomum,  biMly  described  in  '  Marsdcn^s  History  of  Sumatra,*  Bot.,  215 

drcuiating  system  of  the  blood  not  necessary  in  some  animals.  An,  Phys.,  61 

Circulation  of  fluids  in  plants,  Bot,,  90 — 92  ;  pulmonar}',  of  the  blood.  An.  Phyt.,  61 ;  in 
the  holothuiia,  63  ;  performed  by  arteries  and  veins,  ib.  ;  central  organ  of,  ib.:  proofii 
of  the,  75 ;  action  of  the  heart  on,  78  ;  the  heart  not  the  only  agent  in  the,  ib.  t  uses 
of,  86 

Classes,  in  plants,  described,  Bot.,  146,  147 

Oat*  I.  of  Lindlcy's  system  of  botany  contains  exogens  or  dicotyledons,  Bot,,  161 ;  sub-class 
I.  contaius  Polypetalee,  ib.;  group  1st  contains  six  alliances  and  twenty-one  orders,  161*- 
163;  group  2nd  contains  six  alliances  and  eighteen  orders,  163 — 165 ;  group  3rd  contains 
four  alliances  and  fourteen  orders,  165,166;  group  4th  contains  four  alliances  and 
sixteen  orders,  167,  168;  group  5th  contains  five  alliances  and  twenty-seven  orders,  168 
— 171 ;  group  6th  contains  four  alliances  and  ten  orders,  171,  172^  group  7th  contains 
four  alliances  and  ten  orders,  173,  174  ;  sub-class  II.  consists  oi  Incompletet,  174 — 179  ; 
group  Ut  contains  four  alliances  and  foiurteen  orders,  174,  175 ;  group  2nd  contains 
nve  alliances  and  nine  orders,  175,176;  group  3rd  contains  five  alliances  and  nine 
orders,  177;  group  4th  contains  two  alliances  and  two  orders,  178  ;  group  5th  contains 
five  alliances  and  eight  orders,  178,  179;  sub-class  III.  consists  oi Monopetalet,  179 — 
186;  group  1st  contains  five  alliances  and  sixteen  orders,  179,  180;  group  2nd  contains 
five  alliances  and  ten  orders,  181,  182;  group  3rd  contains  ^^e  alliances  and  eleyen. 
orders,  182;  group  4th  contains  three  alhances  and  eight  orders,  183;  group  5th 
contaius  eight  alliances  and  seventeen  orders,  184,  185. 

ClaMM  II.  treats  of  gymnosperms,  subdivided  into  four  orders,  Bot.,  186 

Ciatt  III.  treats  of  endogens,  subdivided  into  six  groups,  Bot,,  186 — 191 ;  group  1st  con- 
sists of  five  alliances  and  nine  orders,  186,  187;  group  2nd  consists  of  three  orders, 
187,188;  group  3rd  consists  of  five  alliances  and  nine  orders,  188,  189;  group  4th 
contains  three  orders,  189 ;  ftroup  5th  contains  (bur  alliances  and  eight  oraers,  189, 
190 ;  group  6th  consists  of  five  orders 

Cia99  IV.  treats  of  rhizanths,  subdivided  into  four  orders,  Dot,,  191 

Cta»9  V.  treats  of  acrogens,  subdifided  into  five  alliancet  and  fifteen  oiders,  Bot.^  191>  192 

Coaguiaiwn  of  the  blood,  An.  Phyt,^  54 
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CUa//  deicxibed,  C%em^  61 ;  oxide  of,  16. ;  paoxide  of,  6*2 ;  chloride  of,  99 ;  salts  of,  123 

C«A«n«it,  nature,  of  explained,  Ckewu^  2 ;  poucaied  by  ererj  tolid  tnbitaDce,  An.  Pkf».,  21 

Coteoihar  detcribcd.  Ckem^  104 

Co/ovri,  o>«erTationf  on,  Bo/.,  120 — 125;  De  Candolleon  the  snhject  of,  qnoted,  120; 
action  of  the  tolar  light  caiues  eolonra  in  plants,  120  ;  red,  124;  blue,  »6. ;  sode  of,  122 ; 
black,  wfaj  omitted,  121;  white-flowried,  common  in  cold  countries,  123 

ColoMT  b  one  of  the  particulars  bj  which  species  in  plants  axe  distinguished,  B^^  135 ;  sf 
the  blood,  Am.  Pky$,j  52 

CeimnbiMm,  a  rare  metal,  described,  Chem.j  63 ;  oxide  of,  or  Colombic  acid,  ih, 

C^tammtt  comes  of  the  TaWes  of  the  heart,  ^m.  Jlech,,  37 

Coiummout,  Bo/.,  1 73 

Compotitiom  and  compounds,  the  nature  and  eflfects  of,  Ckcm.,  5 

Cbw/rac/i/i/y  is  the  power  in  the  muscular  fibre  of  shorteninf^  itself,  Am.  /^y«,  21 ;  tbe 
only  property  of  pure  muscle  is  truly  a  vital  power,  ib.;  the  generator  of  power,  ik; 
produced  by  rolitinn,  22 ;  the  muscular  fibres  of  the  heart  ai^  the  cause  of  its  coa- 
tractility,  79 ;  of  the  arteries,  diminishes  as  the  elasticity  increases,  82 

GMrrw/a/«</ Teasels  of  the  kidney  represented,  Am,  PH^m.  115 

Cooper,  Sir  A.,  on  the  digestibility  of  the  several  dietary  sub&tances.  Am,  Pkyo,,  48 

Copper,  its  properties  described,  Ckem,,  60 ;  proto-sulphnret  of,  6 ;  ]>er-sulphuret  of,  1^ ; 
nitrate  of,  91 ;  sub-nitrate  of,  92 ;  hypo-nitrites  of,  94  ;  per-sulphate  of,  103 ;  carbonate 
of,  114 ;  its  presence  in  plants,  Bot,,  82;  consumed  in  coffee,  ib,;  is  also  consumed  in 
bread,  »fr./  protoxide  of,  CM  em.,  60;  per-ozide  of,  ib.;  proto-chJoride  of,  ib,  ;  per-chkn 
ride  of,  t6. 

Cordage,  tbe  comparison  of  tendons  with,  Am,  Meek,,  22 ;  the  force  of  the  muscles  is  con- 
centrated on  the  moveable  bones  by  cords,  ib, ;  the  process  in  rope-making  explaiued,  t&.; 
hatchelling  the  hemp,  ib. ;  spinning  into  yarns,  &c.,  ib, ;  a  sailor's  splicing,  ib, 

Corolia,  Bot,,  37;  cannot  be  present  when  the  calyx  is  away,  1 51 ;  the  sexes  arise  from 
within  the,  153 

Corrofire  sublimate,  component  parts  of,  Chem.j  6  ;  also  termed  bi-chloride  of  mercury,  53 

Co/^/ce/o;/^,  the  number  of,  is  one  of  the  means  of  distinguishing  plants,  ^pt.,  157  ;  mimu* 
cotyledons,  160;  di-cutyledons,  lA. 

Crab  J  the,  described,  A/i.  Phys.,  28 

Cratnumy  derived  from  the  Greek,  An.  Meek,,  4  and  note 

Crawford,  on  the  reciprocal  action  of  the  air  and  blood,  An.  Pkwa.,  108;  his  simple  theory, 

110  ' 

Crt/Mfficca,  All.  Phys.y  2S ;  crab,  lobster,  prawn,  ib.  ;  their  singular  stomach  illustrated,  tb, 

Cr tfsfa//izaf ion yvraiier of, how  combined,  Chem,,  23  ;  water  of,  in  salt«,  49 

Cupeilation,  the  process  described,  Chem.^  59 

Curve mbryotcPy  Bot.y  178 

Cuvitr,  his  skill  in  physioloj^j-.  An,  M'ch.^  16 

Cyanic  acid,  Chern.^  84 

Cyanites,  Chun.,  119;  ferro-cyanates,  119  ;  sulpho-cyanates,  120 

Cyanojeny  or  carburet  of  nitrogen,  described,  Chem.,  44 ;  compounds  of.  83—86  ;  pcr- 
chloride  of,  85 

Cyanons  acid,  Chrm.y  84 

Cyanuret  of  mercury,  Chem.,  44  and  118;  of  chlorine,  85  ;  of  iron,  119 

Cylinder  proved  to  be  the  form  of  greatest  strength,  An.  Mech.,  12 

Cylindrical  bones,  why  strong,  ih. 

D. 

Death,  apparent,  distinguished  from  actual  dissolution,  An,  Mech.,  47 

Dc  Cando/lc'>,  Organigraphie,  fl.>/.,  2-) ;  his  remark,  75  ;  quoted,  7^ ;  his  exiierimcnts,  85  ; 

a  dillicult  question  put  by  him,  117;  qtioted,  H5 
Decompwition,  counteracted  in  living  bodies.  An,  Pky»,^  6 
^tcrepitate,  when  said  of  salts,  Chem.,  88 
fagrution  in  chemistry,  Chem,,  90 
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Dtjfftretcef  when  said  of  taltii  CAem.,  88 

Degeneration  f  Bo/.y  57  • 

Deg/utition,  the  or^ns  of,  An,  Phjf*.,  31 ;  the  pharynx,  ib, ;  Kiophagui  or  gullet,  ib,;  is  a 
vital  action,  38  ;  the  food  it  propelled  by  muicular  contraction,  ib, ;  three  distinct  stage ■ 
of,  39 ;  the  temporary  closing  of  the  windpipe  at  the  proper  time  is  wonderfully  contrived| 
Jn,  Mech.y  55 

Deity ,  the,  existence  of  the,  suflSeiently  proved  by  a  straw,  An,  Mech,^  12 

Derham*t  Physico-theology,  An,  Afech.y  30 

Deteriptiom,  botanical,  importance  of,  Bo/.,  214;  the  cinnamomnm  nitidum  badly  described 

in  *Mar8den*s  History  of  Sumatra,*  Bo/.,  215;  of  viola  tri-colour,  217;  in  generic  and 

specific  characters,  218 
Descriptive  botany,  defined,  Bot.y  I ;  treated  of,  214—222 

Detign^  perfection  of,  in  the  bones  of  the  head,  spine,  and  chest,  An,  Mevh,,  1— '31 ;  proved 
by  comparison  with  things  of  humau  invention,  ib, 

Deuto'ehloridey  &c.,  derived  from  the  Greek,  Chem,,  26 

Deutoxidef  defined,  Chetn,,  17  ;  of  nitrogen,  described,  19;  how  converted  into  protoxide  of 

nitrogen,  20 ;  of  lead,  58 ;  of  antimony,  62  ;  of  chromium,  64 ;  of  manganese,  70 ;  of 

calcium,  74 

Diagnoiis  in  botany,  Bot,,  220 

Diagram,  representing  the  section  of  a  tree,  Bof,,  96 

Diagram  of  the  bones  and  muscles  of  the  fore-arm.  An,  Mech.,  24  ;  of  the  fore-arm,  25;  of 
two  pieces  of  wood  to  be  drawn  together  by  a  cord,  26  ;  of  the  foot,  27 

Diamond,  or  carbon,  Chem,,  38 

Diana,  tree  of,  what  so  called,  Chem.,  93 

Diaphragm,  the,  described.  An,  Phgt,,  95  ;  figure  of,  96 

Diastole  of  the  heart.  An,  Phys,,  80 

Dichoiomous  analysis  of  the  natural  orders  of  the  British  Flora  according  to  Lamerck,  Bo/. 
208—213 

Dicotyledon,  Bot,,  160 

Diet,  various,  a  mixture  of,  is  conducive  to  health.  An.  Phgs,,  47  ;  experiments  illustrative 
of  this,  48 

Digestibility  of  substances,  some  experiments  upon,  An,  J^ys.,  48 

Digestion  of  plants  considered,  Bot,,  84 — 87 

Digestion,  function  of,  in  the  higher  animals.  An,  Pkys,,  29  ;  the  apparatus  of  digestive 
actions,  ib,;  of  solid  aliment,  37 ;  how  it  takes  place, 39 ;  of  fluids,  42,  not  mechanical 
but  chemical,  43  ;  effected  by  nervous  agency,  44 

Digestion  in  herbivarous  quadrupeds,  An,  Phys,,  35 

Dimension,  in.  botany,  helps  to  distinguish  species,  Bot,,  133 

Dishing  of  a  wheel  explained,  An,  Mech,,  21 ;  the  same  principle  holds  in  the  thigh-bone, 

see  figure,  ib. 
Disk,  in  plants,  found  sometimes  between  stamens  and  ovary,  Bot,,  155  ;  it  rises  from  the 

base  01  the  ovary,  47 

Disquamate,  said  of  the  skin,  a  term  in  anatomy.  An.  Mech,,  17 

Distillation,  the  process  of,  explained,  Otem,,  4 

Division,  botanical,  one  of  the  particulars  by  which  species  are  distinguished,  Bot,,  134 

Dollond,  his  computation  respecting  pollen-fluid,  42 

Dome,  the  best  illustration  of  the  form  of  the  head.  An,  Mech,,  7  ;  defined,  ib, ;  the  pan- 
theon was  the  first  dome,  t6. ;  of  St.  Sophia,  ib, ;  of  the  cathedral  of  Florence,  ib.;  of  St. 
Paul's,  ib, ;  of  the  cranium,  how  secured,  ib. 

Dorsal  vessel,  An,  Phys,,  62 

Dorsal  vertebra  described.  An,  Phys,,  94 

Dotted  ducts  resemble  vascular  tissue,  Bot,,  67 

Double  salts,  how  composed,  Chem,,  98 ;  chloride  of  platinum  and  potassium,  ib, ;  chloride 
of  gold  and  sodium,  i^. ;  chloride  of  platinum  and  sodium,  99  ;  muriate  of  platinum  and 
ammonia,  how  produced,  ib. 

Double  salts,  alum  so  called,  Chem,,  106 ;  very  useful  in  calico  printing,  i^. 

Drinking  during  mcab  shown  to  be  wholesome.  An.  Mech.,  55 

Ductile,  the  term  expUinedi  Chtm,,  52 
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DMcts,  doKd,  Bot.,  71 ;  AnouUr,  «6.;  leticnktod,  A, 

Dmet9f  tscttianf,  Am.  Phyt.j  1 14 ;  the  ureter  in  tiw  kidnej,  116;  the  thoradc,  126 
Dumoi  and  Pravott  (MM.),  their  ezperiacnts  on  the  blood,  An.  Pkf9.^  55 
DmodeHMm  deKribed,  Am.  Pkyt.^  33 
Dm  Petit  Tkomart,  the  doctrine,  Boi.^  93 

DwratioHt  in  botany,  one  of  the  particulars  bj  which  tpedei  are  distinguiabed.  Sot ,  132 
Dwtch  gold,  an  alloy  of  zinc,  Chem.^  69 

Dtitnekei,  a  French  phyiiologiat,  quoted,  Boi,,  76 ;  hii  principle  termed  endoemoie,  Am. 
/>!ftyf.,  126 

£. 

Earth  of  bones,  or  sub-phospbate  of  lime,  Am.  Meek.,  14 

Eartkt,  or  oxides  of  earthy  metals,  Ckem.y  76 

Earthy  metals  described,  Chcm.,  76-^78 

Ecchfmumitt  Am.  Pkyt.,  59 

Edward*  (Dr.),  his  remarks  on  the  chyle.  Am.  Phyt.,  42 

Effect  of  long  abstinence  on  the  appetite.  Am.  Pkyt.f  49 

Effects  of  respiration  on  the  chemistry  of  the  air  inspired,  Am.  Phye.,  103 — 106 ;  of  resptrs- 
tion  on  the  bulk  of  ditto,  106 ;  of  reipiration  on  the  properties  of  the  blood,  ib. ;  subordi- 
nate, of  reiinratioo^  considered.  111 

E^ff9  the  preserrative  principle  of.  Am.  Ph^a.,  57 

EiaMtic  structure  of  the  camel's  foot,  Am.  Meek.,  54 

Eioitieity,  action  of,  important  in  the  functions  of  life,  Am,  Pkyt.,  20  ;  peculiar  to  the  cellu- 
lar tissue,  ib.;  the  cartilages  of  the  ribs  endowed  with,  21 ;  aJao  the  arteries,  ift./  is  ne- 
cessary to  the  respirati  m  and  circulation,  ib. ;  of  the  epiglottis,  i6. 

Elater  noctilueusin  South  America,  its  secretion,  Am.  Pky$,,  118 

Electric  fluid,  the,  suddenly  kills  the  blood.  Am.  PAy«.,  58 

Efcctricittfy  attraction  of,  Chcm.,  2 

Eiertro-positive  and  electro-negative  bodies  defined,  Chem.,  10 

Eiementartf  structure,  the,  of  animal  solids  explained.  An.  l*htf% ,  17 

Eff.mfntary  organs  of  plants,  Bot.,  65 

EUmenttf  four  gaseous^  in  common  atmosphere,  Chem.,  10 

E/ementSf  non-metallic,  fixed,  explained,  Chem.,  37  ;  the  ultimate  of  vegetable  bodies.  A/* 
/%*.,  11 

Embryo,  considered,  Bat.,  55,  56  ;  monocotyledonous,  5G ;  acotyledonous,  ib.;  armular,  ib. 
Efiamr/  of  the  teeth  is  absorbed  as  regularly  as  the  softest  fluids,  A/i.  Ph^s,,  \'*7 
Endayenoun  stems,  Bot,,  1 7 
Endogcui,  But.,  160 
EMdo$mometer»,  An.  Phtf$,,  120 

EndMmose,  the  important  phenomenon  of,  Bot.,  76 ;  effects  of,  on  the  balsam,  77 
Engineer,  how  he  counteracts  the  vis  inertiae  in  hydraulics.  An.  Mech,,  43 
Epigiottis,  the  elasticity  of.  An   Phys.,  21 
Epigynoeee,  Bot.,  163 

EpMom  salts,  or  sulphate  of  magnesia,  Chrnt.^  106 
Equivalents,  chemical,  a  table  of,  Chem.j  8 
Eudiometry,  defined,  Chtm  ,19 
Evaporation,  the  process  of,  explained,  Chun.,  A 
Ejrcrementifioua  auh^idnciis,  An.  PItys.,  V17 
Excretion^  the  organs  of.  An.  Phys.,  3.') 
Excretion,  An.  Phyft.,  127;  vegetable,  Bo/.,  103 
Exogens  defined,  Bot.^  160,  161 

Extremities,  their  bones  and  joints  are  well  designed.  An.  Mech.,  12 
Eye  or  bud  in  the  tuber,  Bot.,  12 

^•re,  the,  orbits  of,  resemble  crypts  in  architecture,  An.  Mech.,  7 
9'laahet,  their  uses  explained.  An,  Mech.,  52 
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F. 

Fah/utt,  in  Sweden,  the  place  where  aelenium  was  first  ducoTered,  Chtm.f  37 

Farina  abounds  most  in  wheat.  An,  /%yt.»  47 

Farina  feccimdans,  An,  Phys,,  8 

Fhscictt/it  An,  Phys,^  15 

Fenelon  on  animal  economy,  An,  Mech,^  30  ;  his  <  Demonstration  de  TExistence  de  Dieu, 
quoted,  16 

Ferro-cyanic  acid,  Chem,^  86 

Ftrro-cjfonatei,  Chem,^  111) ;  of  potash>  ib,,  of  baryta,  120 

Ferro^tfOHurett,  Chem,^  119  ;  of  potassium,  or  ferro-cyanate  of  potashi  ib. 

Fertilization  considered,  2?o/.,  107—112 

Fibrci  possesH  muscular  power,  An,  Mech,^  24 ;  contractile  power  of,  is  ai  yet  unexplained, 
ib, ;  of  the  bone,  gi?e  toughness,  14 

Fibrin,  An»  Phyt,,  54 ;  forms  the  basis  of  muscle,  55 

FibrouM  cellular  tissue,  how  formed,  Bot.y  67  ;  membranei|  An  Pk^t,,  15 

Ficui  Indica,  An.  Phyt,,  27 

Figure  of  the  position  of  the  heart,  An,  Phwi,,  68 ;  of  the  pericardium,  69  ;  of  the  right 
side  of  the  heart,  ib, ;  of  the  three  semi-lunar  val? es,  70 ;  of  the  posterior  ? iew  of  the 
heart,  ib, ;  of  a  valve,  73 ;  of  the  heart  of  the  faetus,  76 ;  of  traches  m  the  wing  of  a  but- 
terfly, 88 ;  of  the  gills  of  a  trout,  90  ;  of  the  lungs  of  a  frog,  91 ;  of  the  trunk  of  the 
human  skeleton,  93  ;  of  the  dorsal  vertebra,  94 

Figure  representing  the  bones  of  the  head.  An,  Meek,,  4 ;  of  the  skull  with  teeth.  An, 
Phyt,,  30  ;  of  the  skull  of  the  owl,  ib, ;  of  the  North  Polar  bear,  ib,  /  of  the  salivary 

Stands,  31 ;  of  the  ssophagus,  ib,;  of  the  stomach,  &c.,  32 ;  of  the  duodenum,  34  s  of 
e  gizzard,  36  ;  of  the  pylorus,  40 ;  of  the  dorsal  vessel  of  caterpillars,  62  ;  of  the  circu- 
lating apparatus,  64  ;  of  the  heart  of  a  fish,  65 ;  of  the  head  of  a  frog,  66 ;  of  a  human 
heart,  67 ;  of  the  diaphragm,  96 ;  of  anterior  larynx  and  trachea,  97  |  posterior  view  of 
do.,  ib,;  of  the  human  lungs,  98 ;  of  a  ^land,  ll4;  of  the  kidney,  1J5,  116;  of  the 
splenic  artery,  117;  of  a  portion  of  the  intestine,  118;  of  a  stream  of  water  flowing 
through  thtf  bottom  of  a  cistern.  An,  Meek,,  38 ;  of  a  reservoir  with  a  short  tube  giving 
issue  to  the  water,  39 ;  of  the  motion  of  fluids  in  tubes,  i6. ;  of  an  artery  with  ita  branches, 
40 

Filament,  tlie  elementary  solid,  An  Phys,,  13 ;  in  hydraulics,  its  meaning,  Afi,  Meek,,  39, 
and  note 

Fire-damp  of  coal-mines,  how  occasioned,  Chcm,,  40 

fl>e</ oils,  table  of,  in  faribus  seeds,  Boi.,  102 

Fixed  non-metallic  elements  explained,  Chem,,  37 

Flame,  phenomena  of,  depend  on  combustible  gases,  Ckem.,  42 

Flora,  British,  extract  from  Dr.  Hooker's,  Bot,,  201 

Flora,  watch  of,  Bot,,  107 

Floral  structure,  on  what  principles  based,  Bot,,  62 

Flower,  envelopes  of,  Bot,,  36 ;  temperature  of,  112 

Flower  is  a  collection  of  metamorphosed  leaves.  Bot.,  59  ;  its  correct  definition,  62 ;  effects 
of  alcohol  on  white,  123;  also  of  alkali,  i6. ;  white  is  common  in  cold  countries,  ib. 

Ffowert  of  bismuth,  Chem,,  61  ^ 

Flowering,  Bot,,  105—107 

Fluidity  of  the  blood,  an  argument  for  its  vitality,  An.  Phgt,,  58 

Fluids  in  plants,  movements  of,  considered,  Bot,,  90,  92;  their  motions  in  tubes  explained. 
An.  Mech,,  39 ;  Digestion  of.  An,  Phgt,,  42 ;  not  well  understood,  ib, ;  circulate  directly 
through  the  liver,  ib, ;  the  supply  of,  necessary  to  repair  the  waste  of  system,  51 

Fluids,  animal,  treated  of.  An.  Phyt.,  1 ),  12  ;  abound  more  in  yountf  than  in  old,  1 1 ;  rela- 
tive |>roportion  of  solids  to,  in  the  human  bod^,  i6,  /  their  density,  t6. ;  how  composed,  i^  ; 
nutritive,  ib. 

Fluo' borates,  Chem,,  118 

Ftuo-boric  acid,  Cft«m^  83 

Fluorides^  Oism.,  117;  of  calcium,  ifr. 

Flwrids  of  potassiuiiii  CAmi.*  82 
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Fiuvrine  and  itt  componndi  deicribed|  Cktm^  81 — 83 

Wiuor  ipar,  Ckem^  82 

Flmo^/icaiet,  how  ehmracterifed,  Ckwm,,  118 

Tlwo^ilicic  acid|  Olem.,  82, 83 

F€eiai  substitute  for  respiration  considered,  Am,  Pkyt.,  112 

Faetutf  the  course  of  the  blood  in,  jiit.  Pkyt.,  76 ;  it  does  not  respire,  101 

Fhliieiet,  small  bags  for  secretion.  An.  Phift.^  114 

Food  of  plants  and  animals.  An,  Pkjft,,^  45 

Fbotf  the,  a  squareness  in  its  position  consistent  with  strength, as  in  the  statue  of  Hercules, 
Am,  Meek,,  21  ;  the  toes  outwards  indicate  lightness,  t6. ;  the  bones  of,  16 ;  the  tarsut 
metatarsus,  phalanges,  17;  junction  to  the  leg  at  the  ankle-joint,  ib.;  the  fibula,  tibia, 
astragalus,  ib. ;  when  finely  formed,  is  high  in  the,  instep,  18 ;  of  a  bird,  when  perched, 
lepresentcNl,  19 

F^eet,  living,  the  application  of,  Am,  Mech,^  33 

Fbrm,  one  of  the  particulars  by  which  species  in  botany  are  distinguished,  Boi.,  134 

Fn>f,  his  obsenrations  quoted,  Boi,,  149 

Fritztehvi  Dr ,  his  obserrations,  Bot,,  42         , 

Frog,  the,  mode  of  respiration  of.  Am,  Phys,^  99 ;  experiment  on,  108 

Froniai  bone,  the,  figure  of.  Am,  Meek,,  4 

P)rmtutff,  considered,  Boi,,  1 12 — 114 ;  the  appearances  of  pericarp  at,  1 13 

FrwU,  treated  of,  Boi,,  47 — 52;  in  what  it  differs  from  ovary,  48 

FirviU,  analysis  of  certain,  before  and  at  ripeness,  114;  green,  remarks  on,  1 13 

Fitiminaiing  powder,  how  formed,  Otem,^  90 ;  gold  exploded  by  friction,  98 

Fklminatet,  Ckem.,  119  ;  of  silver,  i6. 

Fkiminic  acid,  Ckem,,  84 

pVmc/ioff,  the,  of  an  organ  defined,  Am,  PkyM.y  23 

Fitngi,  Unger*s  observations  on,  Bot,,  119 

G. 

Ga/en  on  the  human  body,  An,  Mcch,^  33 
Galena,  described,  Chem.,  59 

Gallon,  its  capacity  settled  by  act  of  parliament,  Chem.,  15 

Galvanism,  supposed  by  some  to  be  a  principle  of  life,  An,  Meek.,  49  ;  this  notion  rtfultd. 
ib.  ;  its  pheuomena  explained,  ib. 

Gardening,  terms  used  in,  budding,  grafting,  &c.,  Bot.,  20 

Gas,  the,  evolved  from  chymification,  An,  PAy«.,44 

Gases,  experiments  and  apparatus  for  collecting,  Chem.,  1 1 

Gasteropoda,  the  si)ecies  of  animal  which  secreted  the  Tyrian  pur])le,  An.  Phgs.,  119 

Ga»/rjo  juice,  the,  An.  Phys.,  4  ;  it  resists  putrefaction,  43  ;  acts  as  a  specific  ferment,  44 

Gemmation,  a  process  in  gardening,  Bot.,  20 

Generation,  the  term  explained,  An.  Phys.,  7 

Genus,  deBned  and  described)  Bot.,  139 — 145  ;  caution  respecting  its  formation,  14{ 

Geometry,  defined,  An.  Phys.,  1 

Germ  of  the  seed,  An.  Phys.,  8 

Germination,  observations  on,  Bot.,  116, 117;  chemical  agency  on,  ib. 

Gland,  with  excretary  duct,  represented,  An.  Phys.,   114:  the  liver,  115  ;  Malpighi  not 

correct  respecting  it,  ib. ;  acini,   ib. ;  kidney  is  a  glandular  tissue,  ib,;  conglomerate, 

116;  conglobate,  ib, ;  absorbent,  122 

G/anc/«,  their  powers  in  plants,  J?o/.,  8 ;  salivary,  An.  Phys.,  31;  parotid,  ib,;  sub-max- 
illary, ib.;  sub-lingual,  i6. ;  the  liver  is  the  largest  of  the,  34 

Glandular,  woody,  fibre,  Bot.,  09 

'^iass,  formed  of  silex  and  other  ingredients,   Ckem.,  46;  bottle,  how  composed,  ib. ;  win- 
"m,  ib, ;  plate,  ib, 
of  antimony,  Ckem,,  63 
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Globuie  in  the  cellular  tSfiue,  An,  Pkyt.^  18;  in  the  muiculary  ib,;  in  the  nerroti*,  19; 
in  the  chyle,  42 ;  central,  in  the  hlood,  16. 

Glottidit  lima,  its  utes,  An.  Afech.,  33 

Oiucittum,  its  derivation  and  properties,  CAem.,  77  and  note ;  oxide  of^  ib, 

Olucina^  or  oxide  of  glucinum,  Chem,^  77 

Otumotttt  Bot.f  190 

Olniem,  most  natritious.  An,  Pkyt,,,  46 ;  abounds  most  in  wheat,  47 

Gold,  its  properties  and  uses,  Chem,^  55 ;  oxide  of,  is  uncertain,  ib, ;  amalgam  of,  used 

for  gilding,  56;   fulminating,  explodes  by  friction,  98;  per-chloride  of,  55:  per-sul- 

purct  of,  16. ;  chloride  of,  97,  98 

Gold,  mosaic,  or  bi-sulphuret  of  tin,  Ckem,.,  67 

Gra/Ung,  a  process  in  gardening,  ^o/.,  20 

GravitatioM,  attraction  of,  Chem,,  2 

Gravity,  specific,  of  the  blood,  An,  Phys.,  53 

Groining,  in  masonry,  illustrative  of  a  portion  of  the  skull.  An.  Meek.,  8 

Gum,  its  properties  and  uses,  Bot,,  99 

Gunpowder,  how  composed,  Chem.,  90 

Gymnoiiic*  an  unsafe  practice,  often  the  cause  of  rupture,  An,  Afech.,  29;  the  great 
school  at  Stockholm,  ib. 

Gymnoipermi,  Bot.,  160 

Gynandro9€e  (plants),  Bot.,  187 

Gyncetpum,  the,  or  fructifying  system,  An.  Phys.,  42 

Gynobaae,  represented,  Bot.,  43 

Gynobatcotet  (plants),  Bot.,  171 

H. 

Hairs,  lymphatic,  Bot.,  7  ;  glandular,  8 

Hale*M  experiment  on  sap,  Bot.,  90,  91 

Haller  on  cellular  tissne.  An.  Phyt.,  14;  mistaken  respecting  sensibility,  An.  Mech.,  51 

Nappinett,  chief  source  of,  is  in  ourselves,  iln,  A/fcA.,  57  . 

Harmonia,  its  signification  in  anatomy.  An.  Meek.,  4 

Harrogat9,  the  mineral  waters  of,  impregnated  with  sulphuretted  hydrogen,  Ckem.^  32' 

Hartley  and  other  philosophers  were  ignorant  of  nervons  influences,  An*  Mech.,  58 

Harvey  »  doctrine  respecting  the  circulation  of  the  blood,  An.  Phys,,  78 ;  his  illustration 
of  the  apparent  insensibility  of  the  heart,  ^/i.  Mech.,  51 

Hawser  rope,  An.  Mech.,  23 

Head,  the,  carpentry  and  architecture  of.  An.  Mech,,  2,  3 ;  the  junction  of  the  bones  of, 
4 ;  its  bones  securely  bound  together,  7  ;  its  form  illustrated  by  the  dome,  ib. 

Heart,  the,  a  propelling  engine.  An.  Phys.,  63 ;  of  the  cray-fish,  ib. ;  its  auricles,  64  ;  ven- 
tricles, 16. ;  figures  of  fish,  65 ;  figure  of  the  heart  of  a  frog,  66  ;  is  double  in  the  higher 
animals,  67 ;  the  jplan  of  the  right  side  of,  69  ;  is  compost  of  four  distinct  tissues,  71 ; 
is  a  proof  of  the  wisdom  of  Gk>d,  75  ;  its  action  on  the  circulation,  78 — 80  ;  its  muscular 
fibres  are  the  cause  of  its  contraction,  79  ;  as  also  of  its  dilatation,  t6  ;  its  suction  power, 
83 ;  its  simplest  form  n»presented,  j4n.  Mech.,  34 ;  its  resemblance  to  a  cistern  attached 
to  a  lever,  48 ;  Harvey's  anecdote  respecting  it,  51 

HearVs-ease,  perfect  in  its  structure,  examined,  Bot,,  2 

Heat,  its  effects  upon  vegetation,  Boi.,  79 

Heat,  animal,  theory  of,  explained,  An,  Phys^  109 

Herbarium,  Bot.,  2H 

Hippocrates  on  digestion,  An.  Phys.,  43 

Homberys  pyrophorus  produced  from  alum,  Chem.,  109 

Hooks  of  plants,  Boi.,  32 

Horn^ead,  why  so  called,  Chem.,  59 

Horn^silver,  or  chloride  of  silver,  Chem,,  54  . 

Horss,  An,  Mech,,  28 

Horss-troimMfff  regulation  in  the  aimy  lespecting^  Am^  Ufek.,  29 
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Hutmtm  body,  the,  Is  fimned  with  leference  to  tb«  nind,  Jl»*  M^ek.,  1 1  it  auttj  ^tmm 
entirely  changed  in  the  progreii  of  life,  3 

Humbold(*M  disco? ery,  Bo/.,  75 

Hume,  on  the  subject  of  pain,  refuted,  An.  Msck.,  56 

Hunger^  treated  of,  An,  Pkyt.,  50 

Hunter,  lAT.t  calls  the  stomach  the  centre  of  sympsthies.  An,  Phy,,  33 ;  bU  illnilration, 
49,  50 ;  his  experiments  on  the  blood,  57,  58 ;  his  proof  that  the  artery  is  a  cnie,  with 
its  apex  in  the  neart,  An,  Mech,,  40;  his  obsenration  on  matter,  47 ;  spieaks  of  parts  of 
the  body,  as  conscious  of  their  own  imperfection,  59 

Hunter,  Dr.,  mistalcen  in  his  opinions  respecting  sensibility,  An,  Meek,,  51 

Hybernation,  the  property  of,  in  animals,  consideied,  An,,  Phyt.,  4 

Hydratet  defined,  Chem.,  49 

Hudrau/ict,  the  princi]^e  of,  as  applied  to  the  circulation  of  the  blood.  An,  Meek,,  34—45 ; 
now  the  vit  inertiet  is  counteracted  in,  43 

Hydriodate  of  ammonia,  described,  Chem,,  50  and  102 ;  crystallises  in  the  form  of  cubes, 
50  ;  of  potash,  101,  of  iron,  ib,;  of  cine,  ib, 

Hydriodic  acid,  a  compound,  described,  Chem,,  29 

Hy</r(Hacids'and  their  compounds,  Chem,,  86—90 ;  table  of,  87 

Hydro'bromatet,  Chem,,  100 ;  of  potash,  or  bromide  of  potassium,  t6.;  of  baryta,  or  bro- 
mide of  barium,  ib, ;  of  ammonia,  ib, 

Hfdro-bromic  add,  how  obtained,  Chem,,  28 ;  is  analogous  in  its  composition  to  mnriatk 

acid,  ib. 
Hydro-carburet  of  chlorine,  the  term,  how  applied,  Chem,,  42 
Hydro-cMoric  acid,  how  obtained,  Chem,^  24 
Hfdro^jfonaies,  OT  cyanurets,  Chem,,  118 
Hydro-cyanic,  or  prussic  acid,  Chem,,  83,  84 

Hydro'fluatee,  or  fluorides,  Chem,,  117 ;  of  ammonia,  ib, ;  of  potash,  ib. ;  of  soda,  t&. 
Hydro-fluoric  add  described,  Chem.,  81,  82 

Hydrogen,  derivation  of  the  term,  Okem,^  13  ;  the  gas,  how  obtained,  used  for  filling  air- 
balloons,  t6. ;  enters  into  the  composition  of  water,  14  ;  sulphuretted,  32 :  bi-sulphur- 
ettcd,  33 ;  arseniuretted,  a  very  dangerous  compoimd,  G5 ;  is  essential  to  vegetatiou, 
Boi,y  81 

Hydro-phosphorom  acid,  Chcm.t  34  ;  how  converted  into  phosphoric  acid,  ib. 

Hydro'Suiphate  of  ammonia  described,  Chem.,  51,  and  note  ;  is  much  employed  as  a  test  for 
metals  in  solution,  ib. 

Hydro'tufphuretSf  or  sulphurets  soluble  in  water,  Chem.^  108;  of  potash,  ib, 

Hydro-sfi/phun'c  acid,  or  oil  of  vitriol,  how  obtained,  Chnn.y  31 

Hygro'/netrica/  i^TOj)eriies  of  plants,  /?o/.,  73  ;  of  the  rose  of  Jericho,  ib.;  of  the  lycopodium 
of  Peru,  ib, 

Hi/po-gyftoser  (plants),  Bot.,  188 

Hypo-nitrites^  how  distinguished,  Chnn.y  93,  94  ;  of  lead,  93;  of  copper,  94  ;  of  potash,  ib. 

Hypo-nitrous  acid  described,  Chim.y  20 

Hypo-phosphites,  Chem.,  112;  of  baryta,  ib, 

Hypo'phosphorous  acid,  how  obtained,  Chem.^  35 

Hypo-su/phatesy  how  known,  Chim.,  107;  of  manganese,  107,  108;  of  baryta,  108 

Hyp(fhufphites  described,  Cht-m.^  107  ;  of  potash,  ib.j  of  lime,  ib,  ;  of  barjia,  ib.  ;  of  silver, 
ib. 

Hypo-svlphitric  acid,  the  process  of  obtaining,  Chem.,  32 

Hypo-sutphitrovs  acid  described,  Chem.,  32 

Hypotheses,  false,  ofien  accompany  improvements  in  chemistry,  An.  Mech.,  49 

I. 

Ideas,  relative  to  motion,  often  confused.  An,  Mech.,  48 
Identity ^  botanical,  defined,  Bot.,  130 

Identity  in  the  stnicture  of  the  different  tissues  of  the  animal  body,  An,  Pky$.,  19 
\mination,  the  art  of,  by  what  means  iroproTed,  Chem.,  43 
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Inductive  reasoning  commended,  Ah,  Af#cA.,  50 

Inertia^  law  of,  applicable  to  fluids  as  well  as  solids,  An,  Meck,f  43 

In/antt,  Art.  Pkys,,  49 

Jn/lorescence,  Boi.,  34  ;  indeterminate,  ib, ;  determinate,  ib, 

In/uioria,  the  lowest  class  of  animated  beings,  An,  PhyM,,  25 ;  the  monas  termo  described, 
ib, ;  the  Tolvox  globator,  ib. 

Inorganic  bodies  defined,  An,  Phyi,^  1 ;  chan|;es  in,  how  efilscted,  6  ;  particles  of,  how  held 
together,  6  ;  how  distinguished  from  organic  bodies,  ib, 

Inotculation  of  vessels.  An,  Pkys,,  73 

Imeeis  possess  no  central  organ.  An,  Fh^s,,  78 

Inipiration,  the  first,  at  birth  considered,  An,  Phys,f  1 01 ;  its  connexion  with  the  establish- 
ment of  a  double  circulation,  102 

Interceiluiar  ^tMKf^9,  Bot.,  7\ 

Intercostal  muscles,  obliquity  of,  An,  Aleeh.,  26 

Intervertebral  cartilages.  An,  Phtft,,  94 

Intestinal  actions^counteract  decomposition,  An,  Pkys.,  6 

InteetineM,  large,  An,  Phye.y  33  ;  small,  34;  duodenum,  ib* ;  jejunum,  ib,f  ileum,  ib,;  the 
great  do  not  contain  chyle,  35 

lodateM  described,  Chem,^  100 

Iodic  acid,  a  compound  of  iodine  and  oxygen,  described,  Chem,f  29 

Iodine  of  nitrogen,  a  brownish-black  substance,  described,  Chem,^  30 ;  of  phoiphorus,  how 
obtained,  36;  of  sulphur,  33 ;  of  barium,  102 

Iodine  defined  and  described,  Chem.,  24,  29  ;  absorbs  chlorine,  io. 

Iridium  described,  Chem.,  b7  ;  how  separated  from  osmium,  ib. 

Iron,  its  properties  and  uses,  Chem,  67;  cast,  ib. ;  protoxide  of,  ib. ;  peroxide  of,  ib,; 
proto-chloride  of,  68;  per-chloiide  of,  ib. ;  proto-sulphnret  of,  68,  109;  bi-sulphuret  of, 
ib,i  combined  with  carbon  forms  steel,  68,  69 ;  alloys  of,  69  ;  hydriodates  of,  104;  proto- 
sulphate  of,  104;  caibonate  of,  114;  cysnuret  of,  119;  pro-ferro-cyanate  of,  120;  salts 
of,  123 

Iron^pyriteM,  a  natural  product,  Chem.,  68 

/mVafri/i/y  of  plants  explained,  Bot.,  77 — 79 

J. 

Jeutz  (Dr.),  an  anecdote  related  by.  An,  Phyt,,  100 

Jet  d*eau  represented.  An,  Mech.,  39 

Joint,  the,  consists  of  the  union  of  two  bones,  An,  Mech,,  1 7 ;  covered  with  cartilage  to 
prevent  jar,  ib. ;  lubricated  by  synovia,  ib,  ;  capsule  of  the,  ib, ;  provision  for  its  wear 
and  tear,  ib, 

JuMsieit't  system  of  botany,  Bot.,  196 

K. 

Keelton,  an  inner  keel.  An,  Mech,,  9 

Kelp,  a  substance  used  for  making  soap,  Chem,,  28, 29 

Kidney,  the,  represented.  An,  Phye.,  115;  glandular  tissue  of,  ib,;  lobuluted,  ib,;  interior 
of  the  human,  represented,  116  ;  the  ureter,  ib. 

Knight,  the  horticulturist,  Bot.,  86 

L. 

Lacteal*,  An,  Phyt.,  122;  resemble  lymphatics,  ib,;  absorb  chyle,  127 

Lacuna,  or  sacs  fur  secretion.  An,  Phye.,  114 

Lamp,  safety,  the,  Chem.,  42,  43 

larynx,  glottis,  epiglottis,  An,  Phyt.,  97 ;  how  many  tones  in  the  human  voice,  112 ;  the 
top  of  the  windpipe  so  called.  An,  Mech,,  52 ;  consists  of  five  clastic  cartilages,  ib.;  ob- 
sexvationi  respectmg  its  aentibUity,  ib. 

Law,  the,  of  definite  Tolames,  Chtm^  14  ;  of  inertia,  An,  Meek,,  43 
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XMM(iibnoMrtiMaBdiiNi|Cfti«^98;  pwteridt  of,  <k j  iirtiri  ■■  tfc  4g>^|  .|imi|i  ft 

09;  dilnid«o(ik/ ndpimftof;  A./ aitnfttai; 

X.M/,  inifwinl  ttmebnt  ni;  /itf.,  31 ;  ftU  tf  0%  Miowilia  to,  86, 87|  VBoi  it«Hl 
dovBvaidi  firaoi  the»  94 ;  ptIUiib  88 

Xi^^^Mrf,  Bf#^  19-81 1  ornk,  a  wodawHoB,  fli 

Xp«PM,Mrlwdiip  in  thi  bod,  Jitfc,  80  ;  dJwwMUa,  81^  aadifcA  ■iMiifig»»iiiM,84; 
fakeMtiMd,  ftc,  ik/  cowpo«»4,  86i  iiaoplt,  ik/  nlwul  ilnictan  •{  89— 31 ;  Ihi 
iMf  o(  aa  appl^^nti  89 ;  tbMT  ttiiMlM,  31  s  Vm^^ 

Xmt,  fhe,  two  bontt  of,  tiUa  and  fibola  loeaifo  tht  aibagaliu  betwon  thiiB,  prcof  tf 
dnign,  jIm.  MfclL,  17 ;  bones  of,  wpioiontod,  19 

JLirtofyic  itate  of  ■■imali,  ^.  Abyt.,  4, 5 

^  defiaed,  ifji.  i%t^  2 ;  iU  prindplot  ai  dktingiiubed  fton  medianiod  prindptet,  Ji. 

•lion,  45 ;  wban  compaiod  with  gdfaaim,  yomtt  m 


Mtek^  33;  piodaew  cmaisaidoni 
coouBon  poinft  of  rawmblance,  49 

TigmmtnU_  in  wbat  rtspedi  lonBUa  to  pain,  Am,  JiidL,  61 

XmAI,  iti  cAett  opon  Tosolation,  Bot.,  79  f  docoinpooM  tho  eaibonle  add  of  ftfotatie^ 
84;  odfaneMthagiowUiof  plaato»98  ^ 

JDyfttauy,  olbet  of  ito  itibke,  jtm.  M^ek^  46 

JUAw,  abnndi  o(  ozamiaed,  Bt#., 94 

Lm§f  or  protosido  ^  ealdum,  bov  obtained,  Ckmm^  74 ;  nitiaio  of,  91 1  ddorida  of,  9St 
•nlpbite  of,  102;  lulpbato  of,  105;  byponmlpbito  ^  107;  aabouOioi;  114;  nlttiC 
182 ;  ib  ^RMim  in  plants,  Bti^  82 

LMhjf, FkofsMor, qootsd,  Bti^  143;  bis  iVcmt  /Vsnfamw,  148:  bis  gyslsi  of  botsnr 
ansljosd,  161— 192;  vi^  Olass 

limditf  oaplsins  tho  cnrioos  stnicfairs  of  tha  pomogrsnstf ,  Bm^  44 

XmihmWi  or  ssiual,  mtsm  of  botanj,  JEM^  195 ;  its  nsrits  and  dtlads^  199;  rcmsrlnd 
opon  bf  Pntesor  Liadloy,  800 

Ummmm  aiion,  Bwi^  142 ;  oogbt  to  bs  itvsnsd,  143 

Ummmm  diseofwod  ssns  in  plants,  Bif.,  198 

Liikia,  or  ozido  of  litbium,  dsjcribed,  GI«m.,  74 ;  ialts  of,  122 

Lithium,  its  nature,  Ckem.,  73 ;  oxide  of,  74 

Living  forces,  bow  applied,  An,  Meek.,  33 — 63 

Lobea,  lobules,  An.  Phjft,,  98 

Lumbar  vertebra  described,  An,  Pkjf»  ,  94 

Lunar  caustic,  used  in  surgery,  how  formed,  Chem,f  93 

Lungt,  the,  complete  the  process  of  digestion.  An,  Phgt,,  55 ;  lilce  a  secoad  stomach,  87; 
suction  power  of,  83 ;  digest  air,  87 ;  of  a  frog,  re|)resented,  91 ;  rudimental,  i^. ;  of  tht 
salamander,  ib,;  of  the  cephalopoda,  t6.;  of  the  turtle,  tA.;  of  ser^nts,  i6. ;  of  the  cha- 
meleon, i6.;  figure  of  the  human,  98;  purify  the  blood,  106;  essential  to  Toice,  111; 
the  air  passing  within  them  arterialises  the  chyle,  113 

Ljfmphatic  system,  how  it  works.  An,  Aleck,,  43 

Lymphatic* f  the,  esseutial  to  the  circulation.  An,  Phyt,,  71 ;  are  appendages  to  the  Teiaii 
ib, ;  eooTey  chyle  and  Ijrmph,  i6. ;  possess  cellular  coat,  ib,;  fibrous  coat, 72 ;  absorbent^ 
12*i ;  circulate  a  fluid  resembling  water,  ib, ;  resemble  laeteals  wiUi  figure,  ib. 


M. 

Machinery,  animal,  as  to  weight  and  velocity,  like  common  machinery.  An.  Mech,,  23 

Madder,  used  as  food,  how  it  afiects  the  bones,  An,  Mech,,  60 

Magnetiumt  the  properties  of,  Chem.,  76  ;  oxide  of,  or  magnesia,  77 

Magnetia,  OT  oxide  of  magnesium,  Chem.,  77 1  sulphate  ot,  or  Epsom  salts,  106 ;  carbonata 
of,  1 14 ;  salts  of,  123 

Magnetitm,  attraction  of,  Chem.,  2 

MaUeable,  the  term  defined,  Chem.,  52 

MaipiffhPi  views  respecting  wcretion,  An,  Phyi,,  115 

Ma»,  bis  temperature  imifonn  hi  all  clunatos,  Am.  Phyt.,  54 ,  the  lungs  of,  reprosented,  10 

^mmfmm§$e,  dmcribod,  Chn^  70;  pfotoadd«  o(  •»./  bypotulpbate  of,  107 ;  salts  oi,  188 
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MoMgoMgte^ut  addtf  CAmn.,  70 

Mamganttic  acidii»  GI^m.,  70 

Matt  of  a  ship  compared  to  the  ipiae.  Ah,  Meek,,  9 ;  how  rappoited,  ib, 

MoMticatiom,  the  organs  of,  essential  to  digestion,  An.  Pk^t,,  29;  figure  and  names  of  the 

teeth,  t&.;  the  jaws,  i6.;  the  tongue,  i6.;  the  salivary  glands,  t6.;  a  mechanical  process, 

37  ;  effiict  of  saliva  upon,  38 

Maihemaiict  defined,  Att.  Pky»,,  1 

Mechanict  may  he  carried  too  far  in  illustration,  Ah^  Meek.,  45 

Meckanicai  organisation  does  not  originate  life,  An,  AUck,,  45 

Meckanum  of  respiration.  Ah,  Pkjft,,  99;  of  the  spine  considered,  Ah,  Meek.,  8-10 

Meduitary  processes,  Boi,,  14,  15 

Medullary  sheath  described,  ^o/.,  16 

Meduta  pellucess,  its  brilliant  light,  Ah,  Pkyt,,  118 

Membrane  is  a  species  of  cellular  tissue.  An,  Pkye.,  14  ;  forms  the  parenchyma,  ib.  /  seroos, 
15  ;  mucous,  tb,;  fibrous,  ib, 

Mereurif,  or  quicksilver,  cyanuret  of,  Ckem,,  44 ;  the  properties  of,  52 ;  protoxide  of,  53  ; 
peroxide  of,  ib. ;  proto-chloride  of,  t6. ;  bi-chloride  of,  ib, ;  proto-sulpnuret  of,  i^.  /  bi- 
sulphuret  of,  54;  proto-nitrate  of,  92 ;  per-nitrate  of,  i6. ;  sub-per-nitrate  of,  how  formed, 
ib,;  proto-sulphate  of,  103;  per-sulphate  of,  ib,;  cyanuret  of,  118;  salts  of,  125 

Metal,  bell,  or  alloy  of  tin  with  copper,  Ckem,,  67 

Metal,  Prince  Rupert's,  an  alloy  of  sine,  Ckem.,  69 

Metallic  lustre,  Ckem,,  52 

Metallic  elements,  Ckem,,  79;  binary  compounds  of,  80,  81 ;  salts  of,  metallic  acids,  115 

Metala,  the  oxides  of  which  are  reducible  by  mere  heat,  Ckem,,  52 ;  particular  properties 
of,  52-58  ;  absorbing  oxyeen  at  high  temperatures,  but  which  do  not  decompose  water* 
5S-66  ;  those  which  absorb  and  retain  hydrogen  at  high  temperatures,  and  decompose 
water  at  a  red  heat,  66-71 ;  alkaline,  described,  7 1-76 ;  earthy,  76-78 

Metatarme,  part  of  the  foot,  An,  Meek,,  16,  17 

Mieroacope,  detected  the  globular  structure  of  the  primitive  tissues  of  the  animal  body,  Aa, 

Pkyt,,  18 
Mieroeotm,  the,  of  human  body,  as  wonderful  as  the  planetary  system.  Ah,  Meek,,  30 
Milkyfluide,  Boi,,  101 
Mind,  the,  defined,  An.  Pkyt.,  7,  8 
Mineral  chameleon,  how  obtained,  Ckem,,  70 
Miner'*  safety-lamp,  how  constructed,  Ckem.,  42 

Mirbel,  the  botanist,  observations  of,  Boi,,  72 ;  his  statement  respecting  the  plant  nar- 

chantia  polymorpha,  93 
Mixture,  chemical,  how  effected,  C^em,,  3,  4 
Molecule;  component  parts  of  every  animal  solid.  An,  Pkyt.,  19 
Molybdenum  rarely  obtained,  Ckem.,  64 
Molybdic  acid  described,  Ckem,,  65 
Molybdoue  acid,  Ckem.,  65 
MonoeoiytedoHt,  Boi.,  160 
Mono-petalet,  Boi,,  179 

Montgomery  family,  the,  anecdote  of,  An,  Meek,,  51 
Morpkology,  the  doctrine  of,  Boi,,  59 

Motion,  spontaneous,  apparent  in  some  plants,  An.  Pkyt.,  9  ;  originates  in  the  muscles,  Ah^ 
Meek,,  58 

Moiivet  must  precede  voluntary  actions.  An,  Meek,,  57 

Mucamentottt  (plants),  Bot,,  183 

MueHage,  Ah,  Pkye,,  47 

Mucotee  buntt,  like  friction-wheels  in  machinery,  An,  Meek,,  28 

Muriate  of  ammonia,  how  formed,  Ckem,,  50 ;  sal-ammoniac,  in  commerce,  for  what  pur- 
poses used,  t6. ;  of  ffold,  how  formed,  98  ;  of  tin,  100 ;  of  soda,  present  in  the  blood.  An, 
Pkyt,,  56 ;  of  potash  in  the  blood,  ib. 

Muriatet  and  chlorides  described,  CAem.,  96—100 ;  how  decomposed,  97 

Muriaiie  acid,  description  of,  how  obtained,  Ckem,^  24;  with  nitric  acid  forms  aqua  reyioy 
97 ;  it  always  present  during  chymiftcation,  Am^  Pkyt.,  44 
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MMcieM,ihb  fubjeet  eonndered.  Am.  Pkgt.,  23;  an  the  only  oigtm  wUeh  pnpolyhm 
the  power  of  eontnetioD,  ib.;  motion  ori^natei  in  them,  ti,g  thcj  an  fibrow,  24 ;  bov 
many  in  the  human  frame,  a6.;  mechanical  arranpement  ot,  A.;  miUion  of  fibm  tot 
norie  musdCf  ib.;  intercoital,  why  obiique,  ehown  m  figure,  Am,  Meck.^  26 ;  why  peaai- 
fbnn,27;  powerftil flezoit,  28 ;  are  unfolded  by  ezerdie,  aft. ;  of  retpralorj  organs,  Ja. 
Pkgi^  95 ;  Tocal,  HI ;  thoie  which  relate  to  the  eye.  An.  Meek.,  52 ;  thoM  which  ek?at« 
the  ribi  during  inepiration,  Am.  Pkjft.,  95 

Mtueular  tisiue  described.  Am.  Pkft.,  15 ;  the  elementary  ttmcture  contistf  of  gtobukf,  18; 
is  the  seat  of  a  power  properly  vital,  21 

Mtucuiar  system,  the,  unfolded  by  ezeieise,  An.  Meek.,  28 

Mtueuiariiy  and  elastieity  consideredi  An.  Meek.,  23 

MmA  tM  a  secretion,  Ah.  Pkyt.,  119 

N. 

Naiwre,  or  natural  objects,  divided  into  inorganic  and  organic.  An.  Pkjft.^  1 
iVoAira/ orders  of  plants,  Bol.,  161^192 ;  system  of  botany  not  abstruse,  193 
Neeroeit,  or  the  death  of  the  bone,  Am.  Meek.,  61 ;  the  bone,  how  renewed,  ib^ 
Ntrvet,  a  network  of,  repreeented.  Am.  Pkjft^  117 ;  are  neeessarir  to  the  pvoceee  of  seeietion, 

121 ;  give  the  |K>wer  of  volition  over  the  muscles  of  the  body,  Am,  Meek.,  58;  wbcn 

paralysed,  the  consequence,  47 

Nerve  defined,  Am.  Pkgt.,  16 ;  cellular  covering  of,  called  neurilema,  ib, 

Ntrwme  tissue  described.  Am,  Pkjft.,  16 ;  its  globular  structure,  19 

Nervous  system,  appetites  are  brought  about  by  its  intervention,  Am,  Pkyt,,  51 ;  ttimulaied 
by  the  blood,  ib. 

Netted  leaves,  Bo/.,  24 

Neuriiema,  An.  Pkyt.,  16 

NeutrttiixatioM,  chemical,  described,  Ckem,,  7 

Niek§i^  its  properties  and  uses,  CA#jfi.,  57 ;  is  magnetic,  ib„  oxide  of,  58  ;  salts  of,  123 

Nitrate  of  ammonia,  how  compounded,  Ckem,,  23 ;  when  decompounded  by  heat  yield* 
protoxide  of  nitrogen,  50;  of  potash,  90 ;  of  soda,  91,  of  lime,  ib. ;  of  barytes,  ib. ;  of 
ammonia,  ib. ;  of  copper,  ib. ;  of  silver,  92 ;  of  lead,  ib.  . 

Nitrates  described,  Chem.,  90 — 93 ;  are  all  soluble  in  water,  90 

Nitre,  or  nitrate  of  potash,  how  formed,  Chem.,  90;  is  found  ready  formed  in  nature,  91 

Nitric  acid,  Chem.,  20 

Nitrogen,  or  azote,  defined  and  described,  Chem.^  17  ;  its  five  distinct  compounds  defined, 
18 — 21  ;  protoxide  of,  18;  deutoxidc  of,  19;  chloride  of,  how  obtained,  26;  iodide  of, 
described,  30;  its  presence  in  plants,  Bot.,^\ 

Nitrogen  gas  unfit  for  animal  life,  Chem.,  17 

Nitrous  acid  described,  Chem.,  20 

Nodes  in  the  stem,  Bot.^  9 ;  not  in  the  roots,  10 

Nomenclature y  chemical,  various  terms  in,  Ckem,,  18;  the  chemical  termination  uret  ex- 
plained, 37 ;  the  terms  by  which  salts  are  distinguished,  92 

Non-metaliic  volatile  elements  described,  Chem.,  26 — 37  ;  fixed  elements,  37 — 47;  a  table 
given,  47 ;  a  table  of  their  binary  compounds,  48 

Nutrition,  the  functions  of,  enumerated,  An,  Pkjft,,  23 ;  in  simplest  plants,  considered,  24 ; 
the  root  not  always  an  instrument  of,  25 

o. 

Occipital  bone,  figure.  An.  Mech.,  4 

Odour Sy  observations  on,  Bot.,  125  ;  effects  of,  127 

(Esophagus,  its  derivation,  An.  Mech.,  53 

Oii  convertible  almost  wholly  into  nutrient  matter.  An.  Phyt.,  47  ;  of  vitriol,  or  hydro-sul- 
phuric acid,  how  obtained,  Chem.,  31 

Orders  of  plants  treated  of,  Bot.,  145 

Organ,  how  composed  in  animal  solids,  An,  Ph^s,,  13 

Organic  bodies,  An,  Pkgs,,  I 


I 


GENERAL  INDEX.  19 

OrganixaiuM  defined,  Am,  Phyt,,  1 ;  most  simple  form  of,  exhibiM  in  fignra,  7 ;  the  Yiiumi 
chftracters  of>  explained,  6,  7 

Organt  entire,  in  the  lower  animals,  regenerated,  Ah,  Pkgt,^  7 ;  ate  infinitely  TariouSi  23 ; 
their  functions,  ib, ;  of  inspiration,  95 ;  ezpiratoiy,  t6.  /  how  far  they  possess  the  power 
of  motion,  Ah,  Mech.f  47 

Organt  of  vegetation  described,  Bot.,  2, 3 ;  of  frnctificationi  3 ;  of  respirationi  7 ;  elementary^ 
65 ;  representations  of,  72,  73 

OrpimeHt  is  a  combination  of  arsenic  and  snlphur,  Chem,,  66 ;  used  in  calleo-printing,  tfr. 

Otmium  described,  Chem.,  57;  is  combined  with  iridium,  ib,  its  deriTation,  ib,  and  fi0/«; 
oxide  of,  ib. 

Oua  parietaiia  defined.  An.  Alech,,  5,  and  note;  an  illustration  taken  £rom  the  walli  of  a 
house,  ib, 

Otteo/og^,  how  derived.  Am,  JHech.,  13,  note 

Ovuiee  described,  Bot„  46 ;  modification  of  a  leaf-bud,  60 

OjriV/«  defined,  Chem.,  17;  of  selenium,  37;  carbonic,  38 ;  of  silicon  or  nIex,how  com- 
bined, 46;  of  silver,  54;  of  osmium,  57;  of  nickel,  58;  of  bismuth,  61;  of  columbium, 
63  ;  of  xioc,  69  ;  of  cadmium,  ib. ;  of  lithium,  74 ;  of  magBMium^  77  y  of  glucinum,  ih,i 
of  yttrium,  ib. ;  of  aluminum,  78 ;  of  xirconiumy  i^. 

OxgdatioH  in  thofcstus,  AH,Phj/t.,  113 

Oxggen,  derived  from  the  Greek,  Chem.,  10,  noie  ;  how  collected,  10— *13  ;  if  oleetfO-nega- 

tive,  13 ;  how  combined  with  hydrogen  to  form  water,  14 
Osggen  must  be  mixed  with  azote  for  respiration,  ^m.  Pkgt.,  103 ;  how  much  necessary  lor 

human  life,  104;  converts  venous  into  arterial  blood,  107;  combined  with  carbon,  givea 

heat,  110 

Oxygenized  water,  its  proportions,  Chem,,  17 

P. 

Pain  is  the  safeguard  of  the  body,  An^  Meek.,  51 

Paleg  (Dr.)  his  remark  on  the  joints,  Am,  Mech,,  17 

PaUadium,  its  properties,  where  found,  Chem,,  55,  57 ;  oxide  of,  ^7;  sulphuxet  of,  ibt 

Pancreae  described.  An,  Phye,,  34 

Paraiiei-veined  leaves,  Bot.,  24 

Parietal  bones,  the,  figure  of,  An,  Mech,,  4 

Parieiotee  (plants),  Bot.,  165 

Purkinje,  his  remark,  Bot,,  66 

Pariiament,  act  of,  respecting  standard  measure,  Chem.,  15 

Peart-ath,  pure,  how  obtained,  Oiem.,  72 

Peitate  leaf,  Bot.,  28 

Penniform  muscle,  An.  ASech.,  27 

Perceval  (Dr.)»  a  quotation  from.  An.  Phpt,,  8 

Per-ehUratet  described,  Chem,,  95  ;  of  potash,  ib, 

Per-ehloric  acid,  Chem.,  26 

Per^hloride  of  phosphorus  described,  Chem,  36 ;  of  carbon,  43, 44 ;  of  eopper,  60 ;  of  tin, 

67;  of  iron,  68 
Per-ferro-cganate  of  iron,  Chem.,  120 

Pericardium,  the,  a  membranous  capsule.  An.  Phga.,  68 ;  represented  by  figure,  69 
Pericarp,  its  appearances  at  fruiting,  Bot.^  113 
Periciinium,  Bot.,  33 
Periphoranthium,  Bot,,  33 

Permuriate  of  platinum,  Chem.,  98;  of  copper,  99 
Pernitrate  of  mercury,  Chem.,  92 
Per-oxide  defined,  Ckem^  17 ;  of  chlorine,  25  ;  of  mercury,  53  ;  of  lead,  59 ;  of  copper,  6   ; 

of  rin,  66 ;  of  iron,  67;  of  manganese,  70;    of  sodium,  73 ;  of  barium,  75;  of  iron  is 

found  in  the  b|pod.  Am,  Phgt,,  55 
Per-photphtiretted  hydrogen,  how  obtaintd,  Chem,,  35 
Per-tatn  of  tin,  aieM«|124  . 
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PgrapiroHom,  whan  leereled,  Jn.  Pky»^  11 

Ptr^uiphait  of  mercurj,  Ck€m.f  103;  of  copper,  ib,;  of  iron,  104 

Btr^^atiphmrtt  of  gold*  CImi.,  55 

p€t€j,  a  modification  of  a  sepal,  Boi.y  60 

Pkaiam^fetf  or  bonei  of  the  toee,  why  M  calledi  Jh,  Mteh,^  17 

Pkwynx,  why  M  called,  ^m.  Ply«.,  31 

Pk€Momema  coniidered,  those  which  attend  the  presence  of  different  btees  with  an  add, 
Chem.,  89 ;  of  double-elective  affinity,  ib. ;  of  flame,  on  what  dependent*  42;  those  which 
constitute  life,  An.  Phy*,,  22  ;  of  life,  An.  A/tck.f  47 ;  of  galTanism,  49 

PhUipi"  treatise,  An.  Pkyt.,  Ill,  note 

PkiUtophy,  natural,  its  particular  study,  C4eM.,  2 ;  awakens  attention  to  common  things,  A»» 

M€ck.f  34 
Pkoiphaiet  considered,  CAem.,  1 10,  1 1 1  ;  of  soda,  HI;  of  lead,  ib. ;  of  lime,  ib, 
Pkapkate  of  lime  is  present  in  the  serum.  Ah.  Pk^*.,  56 
Pkotpkit4t,Ckem.,lU,U2 
Pkotpkoric  acid,  how  obtained,  Ckem.f  34 
Pkoipkoro9i»  acid,  process  of  obtaining,  CKem.,  34 
/^MrpAoraa,bY  what  process  obtained,  Ckem.,  33 ;  proto-chloride  of,  36 ;  per-chloride  of^  ib. ; 

iodide  of,  t6. 
Pkotpkorut  is  found  in  the  animal  body.  Am.  Pkyt.,  10;  is  present  in  plants,  Boi.,  82 
Pko9pkur0t  of  sulphur  described,  Ckem.^  36 
Pkragfmata,  a  technical  name,  Boi.,  44 
Pkyticai  properties  of  the  blood,  An,  Pkjft.,  52 
Pf^cai  agents,  Ah.  I^jf*.t  2 

Pkynologicai  botany  defined,  Bot.f  1 ;  treated  of,  65 — 125;  opinions  Tarious  respecting  its 
phenomena,  74 

Pkftioioffy,  animal,  defined.  Ah.  Pkyt,  1 ;  treats  of  the  functions  of  different  oreans,  23 ; 
treats  of  the  principles  of  life,  33  ;  recapitulation,  and  the  study  recommended,  128 

Pkyiiology  of  man  comprehends  both  mind  and  body,  An,  Pkjft.,  128 ;  M.  Richerand^s  work 
quoted  and  refuted.  An.  Mech.,  49, 50 

Pinchbeck,  an  alloy  of  zinc,  Chcm.,  69 

Pine-tree,  leaf  of  the,  Bo/.,  30 

Pipet,  conduit,  how  far  similar  to  blood-vessels,  An.  Mech.,  35 ;  of  a  conical  form  most 
favourable  to  the  flo\r  of  water  from  a  reservoir,  41 

Pitiil,  described,  Boi.y  42 

Pitcairn  on  digestion.  An.  Phys.,  43 

Piihfa  spongy  column,  Bot,,  14 

Placenta  of  the  human  fijetus  is  the  foetal  substitute  fur  respiration.  An.  Pkyt.,  112 

Plant,  skin  of,  considered,  jBo/.,  5 — 9 

Plants,  flowerless,  Bot.,  5S,  59;  considered  generally,  73—80;  their  extensibility,  74. 
elasticity,  ib. ;  their  hygrometrical  properties,  75  ;  their  irritability,  77 — 79  ;  their  eiitemal 
agents,  79 ;  their  secretions,  84 — 87 ;  their  digestion  caused  by  carbon,  85 ;  their  food, 
80 — 84  ;  their  respiration,  87 ;  in  what  sense  like  polypes,  90  ;  their  growth,  93 — 96 ; 
grow  chiefly  by  day,  98 ;  flowerless,  how  reproduced,  117,  118 ;  identical,  what  so  called, 
130 ;  natural  orders  of,  161— 192  ;  their  essential  and  natural  characters,  219-222 ;  ex- 
ample given  from  De  Candolle,  222 

Plate-glass,  how  composed,  Chem.,  46 

Platinum,  its  nature  and  uses,  Chem.,  56  ;  possesses  the  property  of  welding,  ib. ;  is  em- 
ployed in  Russia  for  coin,  ib. ;  its  oxides  uncertain,  ib. ;  sulphuret  of,  ib.;  chlorides  of, 
56  and  98;  salts  of,  125 

Plumbago,  described,  Chem.,  69 ;  used  for  pencils,  ib. 

Plumules  become  leaf-buds,  Bot.,  19 

Polar  regions,  why  no  trees  there,  Bot.,  98 

Pollen,  Bot.,  A\;  tubes,  42 ;  it  fertilizes  seeds,  103 ;  pollen-masses.  111;  affinities  rarely 
traced  by  means  of  pollen,  154 

Po/ycarposee,  Bot,,  178 

Polypes,  their  lowest  order  called  Bursarise,  An.  Pkyt.,  26 

Pamum  adami,  or  thyroid  cartilage.  An.  Meek.,  52  ;  why  scutiform,  ib. 
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Potash,  or  protoxide  of  potassium,  how  formed,  Chem»,  71 ;  nitrate  o(  90 ;  chlorate  of,  94 1 
per-chlorate  of,  95  ;  bromate  of,  100;  hydro-bromate  of,  i6.;  iodate  of,  101 ;  hydriodate 
of,  f6. ;  sulphite  of,  102;  sulphate  of,  104;  bi-sulphate  of,  105;  hypo-sulnhite,  107; 
hydro-sulphuret  of,  108;  bi-hydro-sulphuret  of,  109;  sulphuretted  hydro-sulphuret  off 
110;  carbonate  of,  112;  bi* carbonate  of,  113;  sesoui-carbonate  of,  ib.f  chromate  of, 
116;  bi-chromate  of,  i6. ;  hydro-fluates  of,  117;  hydro-cyanates  of,  118;  ferro-cyanate, 
1 19 ;  sulpho-cyanate  of,  120 ;  salts  of,  121 ;  is  present  in  plants,  Bot,,  82 

Pbtattium,  how  obtained,  Chem,^  71  ;  protoxide  of,  or  potash,  i6. ;  peroxide  of,  72;  alloys 
of,  ib,;  chloride  of,  f6. ;  bromide  of,  100;  sulphuret  of,  108;  cyanuret  of,  118;  ferro- 
cyanuret  of,  119  ;  sulpho-cyanuret  of,  120 

Powder,  fulminatJn(r>  how  formed,  Chem.,  90 ;  gunpowder,  ib. ;  bleaching,  or  chloride  of 
lime,  95 

Power  in  animals  and  vegetables  of  resisting  temperature.  An,  Pkft,,  3 ;  nenronsi  22  ;  sen- 
sorial, ib. 

Powers,  the,  by  which  the  blood  circulates,  Ait,  Phjft,,  78 

Prt^oiiatioHf  a  term  used  in  gardening,  Bo/.,  20 

Precipitation,  chemical,  defined,  Chem,,  4 

Prevost  and  Dumas  (MM.),  their  observations  on  the  blood.  An*  Phys,,  55 

Prickles,  aculei,  Bot,,  9 

Priestiejf,  experiment  by,  on  the  atmosphere,  An,  Phys,,  107 

Primary  compounds.  An,  Phjfs,,  46 

Prince  Rupert's  metal,  an  alloy  of  sine  with  copper,  Chem,,  69 

Principle  of  life  not  of  a  galvanic  nature.  An,  Mech.,  49 

/Vinci/>/e«,  neuter  iu  vegetation,  Bot,,  102,  103;  tanning,  103;  colouring,  »6. ;  ultimate  of 
vegetables,^/!.  Phys,,  10;  proximate  of  animals,  11 

Process  of  renovating  a  broken  bone,  An,  Phys,,  114 

Processes,  articulating,  what  and  how  situated.  An,  Phys,,  94 ;  spinous,  ib, ;  transverse,  ib. 

Properties  of  the  primitive  tissues  considered.  An.  Phys,,  20;  of  the  cellular  tissue,  t6./ 
physical,  of  the  blood,  52 ;  chemical,  of  the  blood,  54  ;  vital,  56 ;  of  life  in  the  body,  differ 
in  their  (quality.  An,  Mech,,  45 ;  living  and  mechanical,  shown  to  be  correspondent  to  each 
other,  48 

iVopor/toM,  numerical  (in  botany),  one  of  the  particulars  by  which  species  are  distinguishedi 
Bot.,  134 

Proto-chioride,  derived  from  the  Greek,  Chem.,  26 ;  of  phosphorus,  36 ;  of  mercury,  53 ;  of 
copper,  60  ;  of  antimony,  63 ;  of  tin,  66 ;  of  iron,  68 

Proto-nitrate  of  mercury,  Chem.,  22 

Proto'phosphuretted  hydrogen,  how  collected,  Chem,,  35,  and  note 

Proto-salts  of  tin,  Chem,,  124 

Proto-su/phate  of  mercury,  Chem,,  103;  of  iron,  104 

Proto-sulphuret  of  mercury  described,  Chem,,  53 ;  of  tin,  67  ;  of  iron,  68 

Protoxide,  defined,  Chem,,  17;  of  nitrogen,  how  best  obtained,  18;  of  mercury,  53;  of 
lead,  58  ;  of  copper,  60;  of  antimony,  62 ;  of  tungvten,  64  ;  of  chromium,  i6.;  of  tin, 
66  ;  of  iron,  67 ;  of  manganese,  70 ;  of  potassium,  71 ;  of  sodium,  73 ;  of  calcium,  or  lime, 
74 ;  of  barium,  or  baryta,  75  ;  of  strontium  or  strontia,  76 

Providence,  as  evident  in  the  minutest  as  iu  the  grandest  phenomena,  An.  Mech,,  63 

Proximate  principles  of  animals,  Ah,  Phys,,  11 ;  principles,  or  primary  compounds,  what  so 
called,  46 

Prunella,  sal,  of  what  composed,  Chem,,  90 

Prussic  acid,  Chem,,  83,  84 

Pulmonary  artery,  the.  An,  Phys,,  65  ;  system,  its  anatomy,  93 

^  Pulse,  the,  varies  according  to  the  period  of  life.  An,  Phys,,  85 ;  is  arterial,  not  venous,  ib. 

Puncheons  used  in  the  carpentry  of  roof«.  An,  Mech.,  6 

Purple  of  cassius,  Chem,,  98  ;  is  used  in  enamel-painting,  ib. 

Pylorus,  the.  An,  Phys,,  32  ;  pyloric  end  of  stomach,  40 

Pyrites,  iron,  is  a  natural  product,  Chenu,  68 

Pyrophwrus,  Homberg*S|  produced  from  alum,  Chem»,  106 
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Q. 

Qtiadniptds,  gmninifoioiMi,  jin.  Fk^  20;  e$niwwmM,  ih,$  Iiei1»f«roai^ 35 ;  figure  of 

their  digeitiTe  appnatas,  36 
Qmaiitiet  of  a  hoxBe,  how  discofered,  Jn.  Mech^  27 ;  hOEMiy  how  tmioed  in  the  vmj,  29 
Quantity  of  dreulating  blood  in  man,  Jn,  Phtf,,  75 
Quantity,  its  infloence  in  chemical  compoiition^  Ckem,,  6 
Quicktilver,  or  mercury,  itf  properties,  CAem.,  52 
Quimnt,  an  alkali  in  vegeUtion,  Bot^  102 

Radiated  leaves,  Bo/.,  24 

Radicle  of  the  seed,  An,  Phys.,  8 

Raphe,  its  effect  on  the  kernel  of  the  seed,  Bot.,  53 

Raphidet,  Bot,,  9S 

/?ay,  his  *'  Hittoria  Piantarum**  qaoted,  Bot.,  147 ;  on  the  wisdom  of  God  in  creation,  Jn, 

Mech,,  30 
Realgar,  a  combination  of  arsenie  and  sulphur,  Chem,,  66 
Reatoniny  from  a  bone  to  the  whole  frame.  An,  Mech,,  16 
Reeeptaculum  chyli  represented.  An,  Phy9,,  124 
Recrementitious  substances.  An,  Phyt,,  127 
Reetemthrpoete  (plmnU),  Roi,,  174 
Redoute,  the  flower-painter,  Bot,,  123 
Reyitter,  botanical,  Bot,,  47 
Relation,  its  Amction  enumerated.  An,  Phye,,  23 

Reproduction,  animal,  its  ftmdion  described^  An,  Phyt.,  23 ;  a  principle  of  motion,  Chem,,  1 
Repuleion,  chemical,  its  nature,  2;  at  sensible  distances,  exemplified,  i6.;  at  inaensible,  ib, 
Reeervoire,  figures  of.  An,  Mrch.,  35—38,  39,  40,  and  42 
RetinoMM  principles  of  vegetation,  Bot.,  1 03 
Resins,  Bot.,  101 
Respiration  and  evaporation  of  a  leaf,  Bot.,  31 ;  of  plants,  considered,  87 — 90 

Respiration^  its  influence  on  the  blood's  circulation  inquired  into,  upon  hydraulic  prin- 
ciples,  An.  Mech.^  43  ;  the,  considered,  An,  Phys.,  87;  necessar}'  to  purify  the  blood,  i^.  / 
converts  chyle  into  vital  fluid,  ih.  ;  by  the  poreii  of  the  skin,  88;  by  means  of  air-tubes 
or  trachee,  1^.  /  is  tMrofold  in  amphibious  animals,  90;  of  bird^,  92;  how  effected  in 
frogs,  99  ;  in  the  trout,  ih. ;  iu  birds,  ib.j  in  man,  ib. ;  its  effects,  102  ;  irs  effects  on 
the  chemistry  of  the  air  inspired,  103;  its  effects  on  the  hulk  of  the  inspired  sir,  106  ; 
its  effects  on  the  properties  of  the  blood,  ib. ;  is  a  calorific  process,  111 ;  its  subordinate 
effects  considered,  ib. 

Reticulated  leaves»  Bot.,  24 

Retosof  (plants)  Bot.,  189 

Rhabarbarine,  an  alkali  in  vegetables,  Bot,,  102 

Rheadine,  in  vegetables,  Bot.,  103 

Rheic,  an  acid  in  vegetables,  Bot.,  102 

Rhizanthsy  Bot.,  IGl 

/2Aa</if/m  described,  Chem.,  57  ;  oxide  of,  ib. 

Ribbed  leaves,  Bot.,  24 

Ribs,  the,  described,  An,  Phys.,  94;  true,  false,  ib. ;  their  two  motions,  95  j  are  protected 
by  a  cartilage,  An.  Mech.,  11 

Richerand,  M.,  his  remark  quoted  and  refuted.  An.  Mech.,  49 
Rima  glottidis,  An.  Mech.,  63 

Root,  the,  in  some  plants  performs  the  office  of  the  trunk,  and  vice  versd,  An.  Phyt,,  26 
Roots,  with  their  modifications,  considered,  Bot.,  10 — 12;  their  power  and  action  most  im- 
portant, 83  ;  enable  plants  to  feed,  84  ;  give  off  secretions,  104 
Ruminated  albumen,  Bot.,  54 
Huytch,  his  views  respecting  secretion,  An,  Phys.,  lib 
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S. 

Sacrienif  the  centre  bone  of  the  pelvis,  how  connected  with  the  ipine,  jin.  Meek,  10 
Safety-lamp,  miner* s,  upon  what  principle  constructed,  Chem,,  42 

Saiiy  stoy,  the,  when  distended,  illustrates  the  action  of  the  valves,  ^/i.  Meck»  36  •  its  hatiL. 
ib. ;  its  leeches,  &c.,  ib,  '       '  *"  '™*»» 

Sal-ammoniac,  Chem,,  50 ;  prunella,  what  so  called,  90 

Salamander;  Spallanzani's  experiments  upon  them,  Am.  Phyt,,  82;  and  their  lungs,  91 

Salifiable  base,  what  so  called,  Chem.,  49 

Saline  matter  in  the  scrum  of  the  blood,  of  what  use,  An,  Phy§,,  56 

Saliva,  its  e£bct  in  macerating  the  aliment.  An,  Phjft,,  38 

Salivary  glands,  A/i,  Phye.,  31 ;  their  figure,  ib. 

Salt,  common,  or  chloride  of  sodium,  described,  Chem,,  73 

Salt;  formed  by  the  union  of  acids  with  bases,  Chem.,  48 ;  how  distinguished  in  chemical 
nomenclature,  ib, ;  of  ammonia,  how  distinguished  as  a  class,  49 ;  their  physical  pro- 
perties, 88;  their  chemical,  i6. ;  when  said  to  decrepitate,  ib,;  when  to  effloresce,  t&./ 
when  to  deliquesce,  i6.;  their  igneous  fusion,  i6.;  their  aqueous,  ib,  j  are  numberlea. 


Salts,  Epsom,  or  sulphate  of  magnesia,  Chem,,  106 
Sanguinarine,  an  alkali  in  vegetation,  Bot.,  102 
Santaline,  a  colouring  principle  in  vegetation,  Bol,,  103 

Sap,  described,  Bot,,  4  ;  crude,  how  digested,  84;  Hale's  experiment  on,  90,  91 ;  its  routes 

in  exogens,  91 
Srttfffure,  Theodore  de,  his  experiments  on  the  respiration  of  plants,  Bot,,  88 
Scarfing,  a  technical  term,  An,  Mech,,  5 
Scillitine,  a  resinous  principle  in  vegetation,  Bot,,  103 
Screw'pinei,  what  so  called,  Bot,,  22 
Scurf,  or  scales,  Bot,,  9 
5«cre/e</ substances,  An,  Phyt,,  118 

Secretion  considered,  An.  /%•.,  113;  organs  of,  ib,;  theory  of,  119;  vegetable,  Bot,,  98  ; 
nutritious,  99;  special,  101  ;  local,  102 

Stedi,  their  vitality,  Bot.,  4 ;  treated  of,  52—55  ;  will  germinate  after  many  years'  proofs, 

115  ;  experiments  on  the  gourd,  117 
Selenic  acid,  described,  Chem,,  37  ;  is  found  in  vegetation,  Bot,,  102 
Selenium,  described,  Chem,,  37 ;  discovered  at  Fahlun  in  Sweden,  ib. 
Sensibility,  or  sensations  of  the  body,  treated  of,  An,  Mech,,  50—59 ;  of  the  larynx,  52 
Sensorial  power.  An,  Phys,,  22 ;  is  suboidinate  to  enjoyment,  23 
Serosity  of  the  blood,  An.  Phyt.,  56 
Serpeni*a  lungs,  An.  Phya,,  91 
Serum  of  the  blood  treated  of,  An,  Phyt.,  55, 66 
Setqui,  its  derivation  given,  Chem,,  52,  note 

Setqui-carbonate  of  ammonia,  Chem.,  51 ;  of  potash,  113;  of  soda,  ib. 
Sexes  in  plants,  discovered  by  Linmeus,  Boi,,  198 

Silex,  combined  with  the  fixed  alkalies,  forms  the  basis  of  glass,  Chem,,  46 ;  is  present  ia 
plants,  i9o/.,  81  • 

Si/icon,  with  difficulty  obtained,  Chem,,  46  ;  oxide  of,  ib. 

Silver,  its  nature  and  uses,  Chem,,  54 ;  sulphuret  of,  ib, ;  oxide  of,  ib.  /  chloride  of,  ib,  i 
amalgam  of,  55;  nitrate  of,  92,  93;  sulphate  of,  103;  hyito-sulphite  of,  107;  nits  of, 
125 

Skeleton,  human,  the  trunk  of^  repreaented.  An,  Phys,,  93 

Skin  of  a  plant,  with  its  parts,  considered,  Boi.,  5 — 9 

Skin,  the,  is  well  adaptod  to  its  proper  fuactioasi  An,  Mwh.,  50 
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Skmli,  the,  eontifti  of  two  pkies  of  bone^  Jn  Mtek.,  3 ;  ht  arch  described,  6 ;  the  celt  am, 

it. 
Slakimg,  alluded  to,  C%es».,  74 
Smaitt  deKiibed,  Okem.,  62 
8m0€xiMgt  obaeiratioii  on,  ji/i.  Meek,,  53 
Steraie*  to  Ariatodemut,  ^^m.  Meek,,  56;  his  reply  to  hii  scholar,  63 

Soda,  or  protoxide  of  sodium,  Ckem.,  63 ;  nitrate  of,  91 ;  chlorate  of,  94 ;  sulphate  of,  105 ; 
carbonate  of,  113  ;  bi-carbonate  of,  ib,  ;  se«|ai-caibonate  of,  ib,;  hydro-fluates  of,  117 ; 
salts  of,  121 ;  is  very  abundant  in  plants,  Bo/.,  82 

Sodium  described,  Ckem.,  72,  73 ;  protoxide  of,  or  soda,  73 ;  chloride  of,  or  common  salt, 

•6. 
SoH»9  how  composed,  An,  Pkgt,,  45 ;  what  effect  their  mineral  substances  haTO,  46 
Soitmine,  an  aUiali  in  Tegelation,  Boi,  102 
Soldier,  the,  iianding  at  etue,  an  illustration,  Am,  Meek.,  19 

Soiido,  animal,  treated  of.  Am,  Pky$,,  13, 14 ;  are  formed  by  secretions,  13 ;  their  elementaiy 
stnMtura,  17 ;  the  supply  necessary  to  repair  waste  of  system,  ib, 

Soititiom,  chemical,  defined,  Ckom,,  4 

Spadicout  (plants),  Bol.,  189 

S^aiioMzaMi,  his  experiments  on  the  gastric  juice.  Am,  Pkfo.,  44 ;  further  experiments,  80; 
on  salamanders,  82;  on  eg^  during  incunation,  112 

Spatktt  Boi,f  33 

Spociet,  treated  of,  Bot.,  130—139;  its  distinguishing  particulars  clearly  characterized, 
136 ;  mule-phmts,  137 

Speciet-momgert  reproved,  Bot,,  135 

Sptcific  grarity  of  the  blood  considered,  An,  Phi/t,,  53 

Spei*9,  a  compound  of  nickel  and  arsenic,  Ckom,,  57 

Spelter,  or  sine,  described,  Cktm.,  69 ;  contains  admixture  of  lead  and  sulphur,  i6. 

Sphenoid  bone,  figure  of,  An,  Meek,,  4, 

Sphenoid,  the  term  explained »  An.  Meeh.,  7,  note 

Sphincter  pylori,  An.  Phya.,  33 

Spina/  column,  its  mechanism  describedi  An,  Mech.,  8 

Spina/  marrow,  the,  how  protected,  An.  Mcch.,  8  ;  its  canal  described.  An.  Phya.,  94 

Spine,  its  mechanism,  An.  Mcch.,  8  ;  its  vertebrae,  ib. ;  its  pliancy,  how  efTectcd,  ih.  ;  why 
it  has  twenty-four  bones,  ib. ;  why  a  gristly  subjitance  at  each  interetice,  9  ;  rigid  in  old 
a^,  i6. ;  its  attachment  to  the  pelvis,  ib. ;  its  ligaments  like  shrouds,  10 ;  its  figure, 
given,  \b.;  and  An.  Phtpi.,  94 

Spine,  or  ridge  in  the  bones,  represented.  An.  Mech.,  13 

Spinea  in  plants,  Bot.,  13  ;  their  analogy  explained,  19 

Spiral  vessel,  the,  described,  Bot.,  69 

Sp/een,  the,  with  all  its  blood-vessels,  represented,  An,  Phys.,  117 

Sp/enic  artery,  the,  represented.  An.  Phya,,  117 

Spongio/ea,  or  spongelets,  in  roots  most  important,  Bot.,  83 

Sporea,  act  like  seeds  in  flowerlcss  plants,  Bot.,  118;  are  very  minute,  1 19 

Squamoua  suture.  An.  Mcch.,  50,  and  note 

Sta/k,  the,  and  blade  are  one  and  the  same  organ,  Bot.,  22 

Stamena,  Bot.,  38 

Standing,  the  i)Ower  of,  how  effected,  An.  Mech.,  IC 

"  Stand  at  eaae,"  its  full  import  explained,  An.  Mech.,  19 

Starchy  or  fcBcula,  its  properties  and  uses,  Bot.,  99  j  its  presence  in  potatoes,  ib. ;  it  contains 
carbon,  86 

Steam,  an  aeriform  fluid,  Chem.,  15;  its  principal  properties  exhibited,  16 
Stearoptine  in  volatile  oils,  Boi.,  102 

Stee/,  how  combined,  Chem,,  68 ;  the  process  of  tempering,  ib.  /  how  distinguished  from 
pure  iron,  69 

Stem,  the,  of  rhisophora  mangle,  An.  Phya.,  27 ;   of  ficus  mcdica,  ih. ;  with  iU  external 

modification,  Bot,,  13, 14  ;  with  its  internal,  14 — 19 ;  how  clothed,  21 
Storntim,  or  breast-bone,  represented,  An,  Phya,,  93 
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Stiffma,  B<ti.,  45  ;  Medt.fertilised  Ly  it,  108 

Siingt,  their  office,  Boi.^  8 

SiipuUt,  deicribed,  Boi.,  31,  32;  membranous  appendages,  151 

Sicmacky  the,  represented,  An,  /^y«.,  32 ;  cardiac  orifice,  ib, ;  its  pyloric,  ih,  /  its  peritoneal 
coat,  tb,;  its  muscular,  t^.,*  sphmcter,  i6./  its  mucous  ccat,  33;  the  centre  o/e^paikiet, 
ib. ;  food,  how  arran^^ed  in  it,  39 ;  in  digestion  it  displays  sensibility.  An.  Meek,^  64 ;  is 
peculiar  in  camels,  ib. 

Stomaiet  are  organs  of  respiration,  Bo/.,  7 ;  also  of  OTaporation,  89 

Siraigkt'Veined  leaves,  Bo/.,  24 

Sinking  fiom  eyes,  the  process  of^  Bo/.,  20 

Strontium^  how  obtained,  Ckem,^  76;  why  so  called,  ib,;  protoxide  of,  or  strontia,  ib, 

Stniciwrai  hoiAny  defined,  Bo/.,  1  ;  treated  of,  1 — 64 

Structure f  external,  of  a  plant,  represented,  Bot,,  2 — 4 ;  parenchymatous  of  leaves,  30 ;  theo- 
retical, of  flowers,  59  ;  the  pnnciples  of  floral,  62 ;  elementary,  of  the  animal  solids.  Am. 
Pkgt.,  17 ;  of  the  primitive  tissues  of  animal  body  is  globular,  18 ;  the  principles  of  floral, 
62 ;  of  the  camel's  foot.  An.  Meck,^  54 

Studjf,  the,  of  animal  physiology  recommended,  An,  Pky»,i  128 

Sub-carbanate  of  soda  present  in  the  serum  of  the  blood,  An,  Phyt.,  56 

Sub^arhuretted  hydrogen,  how  obtained,  Ckem.i  40 

Sub-chloride  of  carbon  described,  Chem,^  44 

Sub/imate,  corrosive,  its  component  parts,  Chem,,  6 ;  termed  also  bi-chloride  of  mercury,  53 

Sub-nitrate  of  copper,  how  formed,  Chem,,  92 

Subetancee  secreted,  Afi.  Phyt.f  118;  absorbed,  127 

Sugar,  a  nutrient  principle  of  vegetation,  Bot.,  100 ;  highly  nutritive,  An,  Phyt,,  47 

Sugar-<ff'iead,  its  component  parts,  Chem.,  7 

Sulphate*,  Chem.,  102;  of  lime  present  in  plants,  Bot.,  82;  of  potash  is  present  in  the 
serum.  An.  Phye,,  56 

Sulphate  of  ammonia,  how  formed,  Chem.,  50  ;  is  used  for  making  iol  ammoniac^  51 ;  of 
silver,  103 ;  of  potash,  104 ;  of  soda,  105  ;  of  lime,  ib,  /  of  baryta,  t6./  of  magnesia,  106 ; 
of  alumine,  ib, 

Sulphitet,  described,  Chem.,  102—110 

Sulphite  of  ammonia,  liow  formed,  Chem.,  50  ;  it  crystallises  in  prisms,  ib.;  of  lime,  102; 

of  potash,  ib.; 
Sulpho-Cjfanatet,  Chem.,  120 ;  of  potash,  ib, 
Sulpho-cyanic  acid,  Chem,,  85 
Sulpho-cganuret  of  potassium,  Chem,,  120 
Sulphury  a  mineral  substance  described,  Chem,,  30 ;  chloride  of,  33  ;  iodide  of,  ib. ;  phos- 

phuret  of,  36  ;  its  presence  in  plants,  Bot.,  82 ;  also  in  the  animal  body.  Am.  Phge.,  10; 

also  in  the  serum,  56 

Sulphuret  of  carbon,  a  fluid,  described,  Chem,,  45  ;  of  silver,  54;  of  platinum.  56  ;  of  palla- 
dium, 57 ;  of  lead,  59 ;  of  antimony,  63 ;  of  tin,  67 

SulphureU,  soluble  in  water,  Chem.,  108 

Sulphuretted  hydrogen,  how'produced,  Chem,,  32 

iSar//}Aarr«//«<lhydro*sulphurets,  Chem,,  110 

Sulphuric  acid,  how  procured  for  commerce,  Chem.,  31 

Sulphuroue  acid,  described,  Chem.,  30,  31 

Sunflower,  Bot.,  86 

Sun-light,  its  effects  on  plants,  Bot,,  85 

Surface,  in  botany,  one  of  the  particulars  by  which  species  are  distbguiiheJy  iSo^.,  tZt 

Suturee,  why  so  called.  An.  Mech,,  4 

Sympathetic  ink,  what  so  called,  Chem.,  100 

*'  l^mpathiee,  centre  of,"  the  stomach  so  called,  Am,  Phgt,,  33 

SgMcarpoMB  (plants),  Bot,,  168 

SyMOvia,  a  lubricating  mucilage,  Am,  Mech,,  17 

Synthetit,  defined,  OUm.,  13 

Syetem^ham  composed  in  the  animal  solids,  Am,  Phyt,,  13 ;  nervoos,  16  j  fieeolarj  t^; 
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mnicular,  28  ;  itt  Iradine  feaiaref,  Boi.,  158;  satuial,  dcfincdi  159 ;  tha  AnAtflmy  of  the 
pulmonanr,  Am.  Pky».,  193 ;  the  animal,  must  be  gradually  bfought  into  actiooi  Jm, 
Meek,,  29 ;  horse-traming  in  the  army,  ib, 

Sg9iematic  botany,  defined,  Bot,,  1;  treated  of,  129 — ^214;  Kow  diTided,  129 ;  chancttn 
uMd  in  the  construction  of  asiemblagei  in  botany,  149—157  i  Lindley^  193 

8^t0/e,  of  the  heart,  Ah.  /^y«.»  80 

T. 

Tabie  of  non-metallic  elements,  Chem,,  47  ;  also  of  their  binary  compomidai  48 ;  of  metal- 
lic elements,  79 ;  also  of  their  binary  compounds,  80,  81 ;  of  kydco-adda  aad  thair  eoM- 
pounds,  87  ;  of  the  colours  of  some  precipitates  of  metals,  109 ;  exhibitinir  the  6a$ic  dw- 
racters  of  salts,  121 ;  also  of  salts,  or  compounds  of  the  acids  and  bases^  126^  127 

Tabmim  ritrea,  bone  of  the  skull,  why  so  called.  An.  Mech.,  3 

Tabular  analysis  of  the  British  Flora,  according  to  Ray,  Boi.,  203—208 

Tartuti  part  of  the  foot.  Ah,  Meek.,  16 

Tartaric  acid  in  vegetation,  Bot.j  102 

Teeth,  the,  figure  and  names  of.  Ah.  Phy*,,  29 ;  raiy  in  accordance  with  the  dtveieity  of 
food,  ^if .  PAyf.,  30 ;  in  graminiTurous  quadrupeds,  ib,;  in  carnivorous,  i6. ;  the  human 
hold  a  place  between  theie,  31 ;  how  composed,  61 

TeUuretted  hydrogen  gas,  described,  Chem.,  59,  60 

Tellurium,  its  properties,  &c.,  Chem,,  59 ;  oxide  of,  ib. 

Temperature  of  the  blood,  considered,  Ah.  Phy*,,  53 ;   its  influence  upon  chemical  attrac- 
tion, Chem.,  8  ;  its  efifect  upon  liquid  water,  15 
Temporal  bone,  figure  of.  An.  Mech.,  4 
Tendon,  in  what  way  it  strengthens  the  valve.  An.  Mech,,  37 

TendoHt,  the,  compared  to  cordage.  An.  Mech.,  22,  23 ;  consist  of  a  strong  cord,  proved  by 
maceration  to  be  cellular  membrane,  ib. ;  Achilles*  tendon  examined,  ib. ;  by  exercise 
become  stronger,  23 ;  how  strengthened  by  cross-straps,  27  ;  stronger  for  strong  muflclei» 
286 

Tendrih,  Hot.,  13  and  32 

Term  sesqui  explained,  Chnn.y  52 

Termination  t/rtt  explained,  Chrm.,  37  ;  atcy  ib. ;  also  iVr,  ///. 

Testa,  integument  of  the  seed,  so  called,  Bot.,  53 

7V»/.«,  or  re-agents,  Chun.,  126 

Test-tubes,  why  so  called,  Chttn.,  126 

Thackrah^s  experiments  on  the  blood.  An.  Phys.,  6 

T^Ato/'t/iVn/ structure  of  flowers,  or  morpholog)-,  Bot.,  59 — G3 

Theory,  the,  of  life  ought  to  be  studied,  An,  Mech.,  60;  of  floral  structure,  on  what  princi- 
ples based,  Bot.,  02;  of  the  reciprocal  action  of  the  air  and  blood,  An.  Phyg.,  107  ;  of 
animal  heat,  109;  of  secretion,  119 

Thii/h'bonc,  particular  form  of  its  head,  An.  Mech^  20  ;  of  a  dancer  fully  develoiicd  by  exer- 
cise, 28 
Thirst  trtatid  of,  An.  Phys.,  .')! 

Thoru.r,  or  chest,  luw  connjosed,  An.  Mech.,  1 1 ;  also  described.  An.  Phys..  93 
Thouars  (l)u  Petit),  his  doctrine  respecting  the  growth  of  wood,  Bot.,  95 
Tlujroid  cartilage.  An.  Mech.,  52 
Tibia  of  the  leg,  An.  JLch.,  17 
Tillit,  Mr,,  his  experiment,  An.  Phys.,  2 
Timber  improved  by  the  action  of  solar  light,  Bot.,  86 

Tin^  described,  Chem..  60  ;  is  found  naturally  in  state  of  oxide,  lA. ;  por-o\idc  of,  ib.;  prot- 
oxide of,  ih.:  prolo-chloridL'  of,  ih.;  alloys  of,  67;  proto-sulphuret  of.  i^.  ;  bi-sulnhurct 
ofjib,;  per-chloritle  of,  ib.  and  100  ;  muriate  of,  100;  salts  of,  124 

Tinra/,  or  borax,  in  its  impure  state,  is  a  salt  imported  from  India,  Chrm.^  47 

7YMi/r,  cellular,  woody,  vascular, /?o/.,  65  ;  muriform,  66;  fibro-membranous,  t^. ;  fibrous. 
ib.;  dotted  ducts,  ib. ;  its  extensibility,  74  ;  its  elasticity,  &c.,  ib. 

TYwi/f*.  cellular,  described.  An.  Phys.,  14;  muscular,  15  ;  nervous,  16;  their  qualities^  20; 
the  properties  of  primitive,  ib. 
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Titimiym,  iti  properties,  Ck*m.,  61 ;  oxide  of,  ib. 

Tonet  of  the  human  voice,  Ah,  Pkys,,  111 

ToHffue,  the,  ^/i.  Phgt,,  31  ;  iti  movement  in  the  act  of  deglatition  represented,  97 

Touch,  a  distinct  sense,  An,  Mech,,  50 

TrackeOf  or  wind-pipe,  An.  Pkyt,,  98 

Trachea,  An.  Phjft.,  62 ;  spiral  vessels,  Boi.,  70 

Trantp/antation  of  trees,  rules  for,  Bot.,  84 

Treatise  of  Dr.  Philips  ou  vital  functions,  An,  Phy$,,  1 1 1 ;  its  course  recapitulated,  An.  Meeh., 
58 ;  also  An,  Phft.,  127,  128  ' 

Tree  of  Diana,  how  formed,  Chem.,  93 

TVwj,  transplanUtion  of,  in  aotumn,  Bo/^  98 1  their  state  in  winter,  96 :  why  none  in  the 
polar  regions,  98 

7Vo«/,  its  mode  of  respiration,  An.  Phye.,  99 

Trunk,  or   caudez,  ascending,  descending,  Bo/.,  9,    10;   in  some  plants  it  perfonns  the 
office  of  the  root,  and  vice  ver»A,  An,  Ph^e.^  26 

Trunk  of  the  human  skeleton  represented,  An.  Phys.,  93 

Truu,  a  term  in  carpentry,  An.  Mech,,  5 

Tube,  or  artery,  partly  resembles,  partly  differs  from,  hydraulic  tube.  An,  Mech.,  34 ;  the 
tracheal,  ^/i.  PAy*.,  62 

Tuber,  how  caused  in  plants,  Bo/.,  12 

Thibet,  test,  the  apparatus  in  which  solutions  are  eflMed,  Chem,,  126 

Tkibi/erosie  (plants).  Bat.,  177 

Tungsten,  its  nature,  Chem,,  64  ;  how  oxidised,  i*. ;  protoxide  of,  i*. 

Tungntic  acid,  how  combined,  Chem,y  64 

Turtie^e  lungs,  An.  Phyt,,  91 

Tyrian  purple,  secretion  of,  the  species  gasteropoda,  An,  Phyt.,  119 

U. 

Uimine,  acids  in  vegetation,  Bitt,,  102  « 

Ultimate  elements  of  animal  bodies,  An.  Phtft,,  11 

Umbel,  Bot.,  35 

Umbilical  cord,  Bot,,  54 

Uranium,  described,  Chem,,  62 ;  protoxide  of,  ib, ;  peroxide  of,  ib, 

Ureta  an  excretary  duct  in  the  kidney,  An,  Phyt,^  16 

V. 

Falves  for  the  blood,  An,  Mech,,  34 ;  their  action  described,  35  ;  the  tricuspid  resembles 
a  stay-sail  when  bagged  by  the  wind,  36 ;  diagram,  37  ;  thuso  of  the  heart,  38 ;  the 
three  semilunar  described.  An,  Phya.,  69;  and  ieprest;nted,  73 

Valvulce  conniventes.  An.  Phifs.,  42 

Varioltne,  a  colouring  principle  in  vegetation,  Bot.,  103 

Farley^e  vial  microscope,  Bot.,  92 

Vascular  system,  the.  An,  PhtfS,,  63 ;  arteries,  veins,  ib, ;  placed  out  of  the  reach  of  ex- 
ternal violence,  An.  Phys.,  72 

Vascular  tissue,  Bot.,  69—73 

Vegetable  kingdom,  the,  consists  of  secreted  substances.  An.  Phys.,  118 

Vegetable  secretions,  Bot.,  98 ;  odours,  125 

Vegetables,  how  dihtinguished  from  animals.  An,  Phys,,  3;  their  ultimate  elements,  lO 

Vegetation,  its  relation  to  the  seasons,  Bot,,  96^98 ;  is  not  entirely  at  rest  in  winter,  96 ; 

its  great  nutrient  principles,  100 
Vein,  the,  An.  Phys,,  63,  64;  its  capillary  branches,  ib. ;  is  essential  to  the  circulation,  71 ; 

its  function,  82 ;  experiment  upon  the  left  jugular  vein  of  a  horse,  84 

Vena-eava,  superior,  An,  Phys.,  68;  inferior,  16.;  cootracta.  An,  Mech.,  30 
Ventrical,  a  powerful  hollow  muscle,  propels  blood  into  the  artery,  An,  Mech.,  35 
■    ,  right,  the,  of  the  heart,  An,  Phys,,  07 ;  lei>,  ib. 
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Fermtri/ie,  an  alkali  in  Ttgclalion,  Boi.,  102 

FkmaiioH^  fonnf  of,  B9t^  2 1 

Veriebrte,  tha»  eenrieal,  donal«  and  lumbar,  An^  t^ff**  94 

FtMattf  donaii  Jm,  Phff.,  62 

nm  of  the  intestinal  lepicMnted,  Jn^  Pky^  123 

*  /  tf  inertut  **  applies  also  to  fluids,  An*  JUtek,^  43 

f7/a/ functions,  Dr.  Philips*  treatise  on»  An,  Pkyt^  111,  note 

ntaiity  of  the  blood  proved  from  its  fluidity.  Am*  Pkj^;  58 

FittllM*  of  the  ovule,  Bci^  55 

Fitrioi,  white,  component  parts  of,  Ckem^  7 

f^rioi,  oil  of,  or  hydro-sulphuric  add,  GSUm.,  31 ;  blue  or  per-tulphate  of  copper,  103 

Foiatihf  the,  term  applied  to  five  simple  substances,  Chetm,,  27 

Foiatiie  oils,  where  found,  Bot.,  102 

FoUtioM,  peculiar  to  the  sensorial  power,  Am.  Pkyi.,  22 

Foltaic  pile,  its  agency  in  decomposing  bodies,  Oktm.,  9 

Folumetf  definite,  law  of,  Obein.,  14 

Fwrticetlte^  their  peculiar  construction.  An,  Phyt,,  27 

w. 

fFaier,  how  chemically  decomposed,  Ckem,,  10 ;  its  constituent  parts,  14 ;  rain  in  its  purr>t 
form,  15 ;  when  in  a  liquid  state,  how  affected  by  temperature,  ib.  ;  its  sudden  expaii' 
sion  when  frosen,  16;  oxygenised,  its  proportions,  17;  of  crystallisation,  23;  its  e&ctt 
upon  vegetation,  Boi.^  79 ;  tlie  necessuy  food  of  plants,  81 

Water^iUingy  its  process,  Ckem,,  56 

Wtuty  Bot,,  103 

/r«6,  the,  of  a  frog's  foot,  considered.  An.  Pkf»,,  79 

Welding^  the  process  explained,  Ckem,,  56 

fVheelf  dishing  of  a,  explained,  An.  Meck,^  21 

fFhite,  permanent,  composed  of  sulphate  of  baryta,  C^em.,  105 

fflndou'-glaUf  how  composed,  Chem.,  46 

fyinttr,  its  effect  on  trees,  Boi,,  96 

fVo//atf<m  on  animal  economy,  Ah.  Atech.,  30 

H^ootl  combines  solidity  with  toughness,  Boi.,  17;  the  sap  rises  through  it,  i6.;  it  is  sent 
downwards  from  the  leaves,  how  proved,  94 

IVoody  tissue,  how  distinguished  from  cellular ;  Bot.^  68 ;  sap  ascends  by  it,  9 1 

fVoolf  philosophical,  CAc§n.,  69 

fVorld,  some  opinions  respecting  its  original  atmosphere,  Boi.,  96 

X. 

Xanthine,  u  colouring  principle  in  vegetation,  Boi.,  103 

Y. 

Yttrium  described,  Ckem.,  77 ;  oxide  of,  or  yttria,  ib. 

z. 

Zaffre,  or  oxide  of  cobalt,  Chem.,  62 

Zantkopicrite,  a  resinous  principle  in  vegetation,  Boi.,  103 

Zeine,  a  resinous  principle  in  vegetation.  Bot.,  103 

Zinc^  or  siMflter,  described,  Chem.,  69 ;  chloride  of,  ib, ;  alloys  of,  ib, ;  oxide  of,  ib.  ;  hydiio- 
dates  of,  101;  salts  of,  123 

Zirconium,  Chem.,  78  ;  oxide  of,  or  sirconia,  ib. 

Zoophtftet,  An.  Phyt.,  27  ;  medusa,  ib. ;  asterias,  ib.  ;  echinus,  ib. 
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